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APi'llUniX A - MATH MODELS 

1 

'ibis ■npondllf cent iinr: the math mode's used in computer simulation ot the 

systems, 

A. ]     TU RBI N E MATH M 01JELS 

fuel into 

The yas lurLinos wcrr modeled ufdng the followinrj expression for 

.(1) 

i. 

i: 
[ 
. 

i 
i 

w. 
QT + Wj  ♦ Wj ST 

w   ^*\v   8 
, 3 4    T 

(AD 

Where:    W       Fuel Rate (Ib/hr) 

0   ■ Turbine Toiquc (lb - ft) 

S   - Turbine Bpoed (n>^) 

W , VV , V/   and V/   are constants chsracterixing 

the turbine. 

The following constraints wore imposed: 

QT ^ ^MAX 

ST < "MAX 

Where Q ■ Max, allownblc steady-state torque 
]M AX 

• Where S '-'- Max. allowable steady-sUite rpm 
MAX 

W < W    <• V/ Where W ■ Min. Bllowable (idle)/fueJ rate 
MH:        P       MAX MIM 

The turbine power is: 

PT- 1.904 xlO-4S.rQT 

Where:   P,, ■ Turbine lhaft horsepower 

W - Max. allowable-- fuel rate 
MAX 

(A2) 

(]) Expiossions dovclcped b1/ NSUDC, Annapolis 

A-l 
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. 

tpocUic Fuel CoQBumptlon if;. 

SIT ■   V.r/PT QMip - hr) (A3) 

Iho naxlmum ovallable turbine power oeeurs -.t \v      W       anc' 
r       MAX 

■ t'.!i :: e Bpeedt Sftj .»t this'pe^nt] 

W. W . .   ■ w 

0 

% ■ 

so 
W3 WM«- Wl 

Vv'    W,, 4 w, 
■1      J 2 

P.,,.  ■ J .904 x M     R, (,) 
MAX 0     0 

SFC \V       /'■■ 
MIN        MA*   MAX 

ir. order to compare turblna parformano« at variou« oparating pelntSi 

a lufbine Qgure-of-merit wai defined aa; 

POM " srCMiijArr; M) 

Por any given power, P, there will be an optimum ftwed, s    , 
To 

which minimizoi  the fuel rate {and sre:), envoi! by: 

V  /(;VV>/-'  f:W3PT        '^4% *») 

Where  B- ^ ' w1 w4 -. v;2 w3 

A-2 
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11 

For a fjivcn fuel rate, W ,  the maximum power and assocjrited speed 

and torque may be expressed by: 

ST0 - P/2C 

( 
.. 

T - 

1. 

0TO - n/2 

PT0 ■ l.'iCll \ lO'4  pV'l'l 

Where:     P= V    W    - W 

4      > 2 

! 
With the fuel rate fixed, poz/cr "nay then b:j expressed ab a ftt^otlCM of 

the speed: 

PT ,       S„ : 

TO 

/,     T  ^ f T  \ 
; W„ constant, 

TO TO 

(A6) 

I. 

This behavior is shown in firjuro Al. 

[ 
i: 
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PT ■ Tuiblne HP 

Pc ■ Max. HP for 
Given Fuel Rate 

ST = Turbine RPM 

S0 = RPM for 
Max. HP 

2.0 

T    O 

Figure A-1.     Power vs. Speed for rixed Fuel Rate 
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A.1.1    Main (LM - 2500) Turbine 

Constants used for the LM- 2500 turbine were as follows^: 

Wj-6600 '     W3-: 9.143 

W2»1.05 W4 = 1.143 xlO"3 

WMIN = 1100 lb/hr ^MAX * 8400 lb/hr 

QMAX = 60, 000 lb_ft SMAX B  3600 rptn 

These values result In optimum operating speeds vs. power and 

corresponding FOM and fuel rate values, as shown in figure A2.   Maximum 

power is'22, 024 hp at 3295 rpm, with an SFC of 0.3814 Ib/hp-hr 

(FOM = 1.0). 

A performüncc map showing power and SFC vs. shaft speed is shown 

in figure A3.   The effect on fuo) consumption of operating the lurbine ai 

other than the optimum speed, ST0 (shown by a dash-dotted line) may be 

seen on the figure.   For example, at 10, 000 hp: 

Speed            Fuel Rate SFC 

0.510 

% Increase in Fuel 

2000 rpm      5099 Ib/hr 7.1 

2840 rprr/2) ^1760 Ib/hr 0.476 0 

3600 rpm       4966 Ib/i.r 0.497 4.3 

(1) Based .on NSRDC, Annapolis values developed for superconductive 
drive system studies; the values used (with the possible exception 
of WMIN) should not vary significantly for 20, 000 hp turbines other 
than the LM-2500; while the study results for each configuration 
depend on the specific constants, comparative iesults between con- 
figurations are not highly sensitive to tho choice of constants. 

(2) Optimum speed. 
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I ill 
A. 1.2    Crulbe (Garrett GTPF990) Turbine 

The following constants were used     : 

Wj ■ 750 W3 = 3.35 
3 

W2 = 0.06 W4 = 19xl0"5 

WMl^ 360 lb/hr WMAX " 2700 lb/hr 

QMAX=75001b-ft SMAX ^ 7200 rpm 
(2) 

Resulting optirrum performance points are shown in figure A4, and 

performance as a function of power and speed are shown In figure A5. 

Maximum power is 5716 hp at 7200 rpnT3' with an SFC of 0.4724 (FOM = 1.0). 

A.1.3    Adjusted FOM 

The figure-of-merit expresses the turbine efficiency as a percent of 

its optimum SFC.   The SFC, in turn, may be related to the thermal efficiency 

of the turbine. 

(1) Based on NSRDC-Anna polls superconductino propulsion study values 
(characteristic of 5, 000 hp turbines; see footnote^on page A-5). 

(2) 7200 rpm is the power assembly speed; the standard Navy version 
has a built-in 2-1 year reduction to 3G00 rpm.   Ref:   Gas Turbine 
World, September 1974, p. 12. 

(3) Performance is limited by the 7200 rpm shaft speed limit; if there 
were no speed limitation, optimum speed would be 7238 rpm with 
no change in the SFC (SFC = 0.4724). 
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: 

Taking the gross heat of combustion of Navy distillate fuel a«? 

19,300 btu/lfcT     and using 2545 btu/hp-hr gives a value of 0.1319 lbs of 

fuel/hp-hr for 100% conversion efficiency.   For the two turbines: 

Min. SFC Max. Thermal Eff. 

Main 0.3814 0.3457 

Cruise        0.4724 0.2791 

and: 

Thermal Eff. = POM x (Max. thermal eff.) 

The use of POM,  frees the analysis from fuel type and is used in the 

system analysis.   In order to compare the two turbines on a common basis, 

the cruise turbine POM Is adjusted to account for its reduced thermal 

efficiency whenever comparisons are made between turbines.   The adjusted 

cruise POM is: 

Main   SPG 
Adjusted Cruise POM ■ 77-7-7   caj ——  x POM ■ 0.8074 x POM.      (A'/) 

Mm 

Por the adjusted cruise POM: 

TheniKil Eff ■ (Adj. FOM) x (Mix. tcrmaJ off. Tor m.iin turbine) 

(1)  R.J. Gauthey and J.P. DeTolla, "The Enoroy Crises and Naval Ship Research 
and Development,"  Naval Engineers Tourn:ilf  86, June 1974, p. 101. 

: 
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A.2      PROPELLER MATH MODEL 

y 

ii 

* * 

In order to obtain a reasonable estimate of propeller performance, 

the behavior of thrust and torque coefficients for a standard propeller 

series      were linearized and modeled as follows: 

CT-^^-f   ) I       M 

CQ=0M^-Q; ) 

TM " T
M1 + TM2 '" + 7M3 R 

T0 = T01 * T02 R + T03 R 

^-Qm*   QU2   SlnelQ^W-Rx» 

v0        01        02        ^03 

(A8) 

(A9) 

(All) 

I 
Where: C - Thrust coefficient 

Cn'- Torque coefficient 

J = Advance coefficient 

T     ■ Voluc of C. at J = 0 
M I 

T   ■   Value of J It C    = 0 

Q%. - Value of C^ at J = 0 
M Q 

(1) T.P. O'lirien, Tho r^'.'inn of Marine Screw lVc»t)cllers, Hutchison 
Scientific and Tochnical Publichcrs,  London.   Gawn standard screw 
sories {ppr.. 88-92) was used to obtain tho model form. 

A-12 
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I. 

(Cont'd) 

O   -  Value of J at C    = 0 

| ■ Pitch to Diamelei (I'/D) ratio 

Vi. TM2'  TM3'  T0r  T02>  T03'  QMl'  ^2' 

^M2'Q0y  Q02    Q^ •««*««• «-•«*" 

characterizing the propollc r. 

The following standard relationships; are used: 

v V 
T = -^- = 101.3 
'    nD SD > 

.. 

I 
I 
I 

T = en  D   Cr 

Q = en    D   C 

J CT 
P    2TT        Cp 

Where:    v = Ship speed in fps 

V = Ship speed in knots 

n = Propeller speed in rev/sec 

S ■Pwpellef speed in rprr> 

D = Propeller diameter in feet 

/r 3 

e = Water density in slugs/ft 

T = Thrust in lbs 

Q = Torque in lb - ft 

^p ■ Propeller efficiency 

}    (A12) 

A-13 
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Maximum propeller efficiency occurs at: 

for max   Up). ^13) 
% 

The relationships between J, C_, C^,  T_,  T.,. Qn, QL., and N 
i       \J      v       M        UM 

are shown in figure A6. 

For the propeller model used in tne study the following values 

were used: 

T01 =0.0500 O01 = 0.4550 

T02 = 1.0130 Q02 = 0.5470 

T03=0.0060 Q03=0.1577 

T ,, = -0.2(,00 O   . = 0.1Ö30 
Ml Ml 

T.,0 = 1.0000 Q,,. - 0.1G33 
MZ ^M2 

T.. =-0.1600 Q)0 = 1.5100 
Mi Jv)6 

D =   17 ft RX ■   1.4250 

3 
c = 1 .9905 slugs/ft   . 

Tho'.c values wore seJectod to: 

■,     Mttoh the gonctu) chnractcri.stics of the Gaum ttandard scrow 

paries in larnii; of relative cfficlendM ^it various pilches. 

b.     Provide approxlmutely 72 to 73% efficinrjy under actual opera- 

tion (.'^elected arbitrarily as a reasonable efficiency). 
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The mtom given loi t »«i n provide the following chawcteristicK: 

f. 5.964 ^4) 

T = 4C.18CT   . S2 (A15^ 

Q^785.1CQ.S
2 (A16) 

The vnlues given for T^. TM2. etc. give the values shown in 

table Al. 

A-16 
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Table A-1 
• 

Propeller Characteristics vs P/D 

Maximum Efficiency 

P/D 
T 

M 
To QM % J. % 

0.2735 0.0000 0.3275 0.02219 0.6164 0.1944 0.0000 

0.3000 0.0238 0.3544 0.02118 0.6333 0.2131 0.0229 

0.4000 0.1112 0.4562 0.01972 0.6990 0.2870 0.1620 

0.5000 0.1950 0.5580 0.02201 0.7679 0.3664 0.3392 

0.6000 0.2752 0.6600 0.02799 0.8400 0.4511 0.4825 

0.7000 0.3518 0.7620 0.03753 0.9152 0.5408 0.5720 

0.8000 0.4248 0.8642 0.05041 0.9935 0.6351 0.6260 

0.9000 0.4942 0.9666 0.06632 1.0750 0.7335 0.6602 

l.OOCO 0.5600 1.0690 0.06492 1.1597 0.8354 0.6852 

1.1000 0.6222 1.1716 0.10576 1.2475 0.9397 0.7057 

1.2000 0.6808 1.2742 0.12837 1.3385 1.0452 0.7237 

1.3000 0.7358 1.3770 0.15224 1.4326 1.1504 0.7393 

1.4000 0.7872 1.4800 0.17681 1.5299 1.2535 0.7523 

1.5000 0.8350 1.5830 C.20153 1.6303 1.3525 0.7621 

1.6000 0.8792 1.6862 0.22582 1.7339 1.4462 0.7686 

1.700Ü 0.9198 1.7894 0.24912 1.8407 1.5336 0.7724 

1.8000 0.9568 1.8929 0.27092 1.9505 1.6150 0.7746 

1.9000 0.9902 l.99(.'l 0.29069 2.0636 1.6911 0.7766 

2.000 1.0200 2.1000 0.30799 2.1798 1.7627 0.7799 

A-17 
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A.3     SHIP DRAG MODEL 

The ship's drag characteristics were modeled as follows: 

EHP = CD.V3 (A17) 

CD = CD0 forVs:27 knots (A18) 

V - C 
CD = CD0    v-Tc-forVi27 ^ots 

x        2 

^wS ).(»o1b.ft/secAp).5p M« 
V 

2 
= 325.7 C V 

Where:   LHP = Effective horsepower 

V = Speed in knots 

C     ,  C   and V   arc drag   constants. 

2 
This form was chosen to approximate a V   dependence on drag at .'ower 

speeds with drag IncrMting faster in the 30-knot region.   Values were 

chost.n for the three eonstanftl of: 

CD0 = l'* **/*$* 

C   ^ 5 knots 

V   - 27 knots 
x 

The resultant drag/power profile is given in table A2. 

A-II 
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Table A-3 

Ship D'-ag Characteristics 

I 
7 

- 

Speed Drag Effective Speed Drag Effective 
Gets) (lbs) Hp (kts) (lbs) Hp 

1.0 456. 1.40 19.0 164587. 9602.59 

2.0 1824. 11.20 20.0 182368. 11199.99 

3.0 4103. 37.80 21.0 201061. 12965.39 

4.0 7295. 89.60 22.0 220666. 14907.19 

5.0 11398. 175.00 23.0 241182. 17033.79 

6.0 16413. 302.40 24.0 262610. 19353.59 

7.0 22340. 480.20 25.0 284951. 21874.98 

8.0 29179. 716.80 26.0 308202. 24606.38 

9.0 36930. 1020.60 27.0 3^2368. 27556.19 

10.0 45592. 1400,.00 28. C 373689. 32129.70 

11.0 55166. 1863.10 29.0 418286. 37248.61 

12.0 65653. 2419.20 30.0 466282. 42954.48 

13.0 77051. 3075.80 31.0 517801. 49290.50 

14.0 89360. 3841 .60 32.0 572968. 56301.31 

15.0 102Sfr2. 4725.00 33.0 631906. 64033.13 

16.0 116710. 5734.40 34.0 694710. 72533.63 

17.0 131761. 6878.19 35.0 7G1594. 81852.19 

18.0 14771«. 8164.79 36.0 832594. 92039.44 

A-19 



A.4     TURBINE-PROPELLER-DRAG PERFORMANCE RELATIONSHIPS 

A. 4.1    l_r pollcr/nraq Performance 

The maximum propeller efficlencie'. given in table Al cannot be 

attained unless the advance coefficient J Is at the proper valuo. 

However, under steady-state operating conditions, the value of J   s 

fixed by the relationship between propeller thrust coefficient and ship's 

drag, since the total propeller thrust must equal the drag at steady-state. 

From A.2 and A.3; 

T 

D 

■ 46.10 C^ 

= 325.7 CDV2 

=   5.961 V/S 

(A15) 

(A19) 

(A14) 

Combining (D   = 2T): 

while, from A2: 

CT=   9.921 x 10"2 CDJ2 

vniHk-) (A8) 

Figure A7 shows the resulting operating points for a P/D ratio of 

1.5.   Operating efficiencies and advance coefficient,  J, arc given versus 

P/D ratio in trble A3 and figure A8.   For speeds  up to 27 knottj, maximum 

possible operating efficiency is 72.8% at a P/D ratio of 1.38;   at 32 knots 

maximum efficiency is  71.3% at a  1.29  P/D ratio. 
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f 
1 

R -' 1.5 

TM ^  0.r:350 

T0   ■  I.S830 

For Maximum i\ 

) (Advcincc CocfficienO 

Qu ■  0.2011 M 

1.6303 

P 

J  ■   1.9S3 

Op^ruUntj Point for   0-27  kts; 

J   ■   1.202 

ri   =   72.6% 

CT   =   0.2010 

C     =   0.052D4 

Opon'ling Point for 32 kts; 

J  =   1.153 

Tl =   70.6% 

CT   ■   0.2268 

C     =   0.05899 

rifjiircA-7.   Propeller OpGrallon With  PD =  1.5 
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1. 

i. 

4 

P/D 
Ratio 

Maximum 
Propeller Efficiency 

Operating 
Propeller Efficiency 

0 

Advance 
Coefficiont (j) 

0.2735 0 0 

0.3 0.023 0.022  -  0.023 0.238  -  0.225 

0.4 0.162 0.129  -  0.138 0.375  -  0.364 

0.5 0.339 0.269  -  0.289 0.4b9  -  0.456 

0.6 0.483 0.404  -  0.4'iO 0.557  -  0.541 

0.7 0.573 0.510 -  0.^34 0.637  -  0.620 

0.8 0.626 0.587  -  0.607 0.718  -  0.696 

0.9 0.660 .643  -  0.655 0.795  - 0.769 

1.0 0.665 0.681  -  0.685 0.869  -  0.841 

1.1 0.706 0.706  -  0.703 0.940  -  0.909 

1.2 0.724 0.720 -  0.711 1.009  -  0.972 

1.3 0.739 0.727  -  0.713 1.076  -  1.037 

1.4 0.752 0.726  -  0.710 1.140  -  1.095 

1.5 0,702 0.726  -  0.706 1.202  -   1.149 

1.6 0.769 0.723  -  Ü.700 1.262   -  1.209 

1.7 0.772 , 0.719  -  0.695 1.319  -   1.263 

1.8 0.775 0,716 - 0.691 1.374  -  1.312 

1.9 0.777 0.715   -   O.GfiD 1.426  -   1.361 

2.0 0.780 0.710  -   0.G9C 1.476  -  1.406 

(1) lirst value la for 0 tu 2'/ kts; BeOOOd is for 32 ktS« 

L 
Tablf;A-3.   Propollfu-Operating Efficiency \'eisus P/D Ratio 
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From Section A.2, 

J = 5.961-|- (A14) 

This results in a limitation on P/D ratio if propnller shaft speed is limited; 

for example,  32 knots: 

Maximum Minimum 
Allowed Allowable 

Shaft rpm P/D Ratio 

160 1.57 
165 1.51 
170 1.45 
175 1.39 
180 1.34 

/U24 
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I A,4.2     rropollor/Turbinc Porformanro 

A.4.2,1    Opllmum Pitch 

As discussed in A.4.1  and A.l,  propeller efficiency and turbine 

efficiency are both affected by shaft  rpm.   If there is a fixed mcchnnical 

gear ratio between the propeller shaft and turbine, the optimum P/D ratio 

for minimum fuel rate will occur at some valuo other than that for the turbine 

or propeller alone.   Tor example, v/ith two main turbines operating at 23 

kts and 9671 drive efficiency: 

Maximum Propeller Efficiency ■ 0.728 at  120 rpm 
With a P/D ratio of  1.4 

Maximum Turbine TOM ■   0.(!("•?  at 339?  rpm 
With an output of 26,050 hp 

If the gearratio were 28.3 to  1  (3392 rpm/l2Ü rpm),  the turbine 

would deliver 25,010 ihafl hp ani effective power would be  18,210 hp 

with an  (idoal) efficiency of: 

0.721; x  D.861 x 0.900   ■   0.002. 

However, with  0  fixed gearratio of 21CS to  ], optimum perk nuance 

occurs  BS  shown in lifiare A9: 

P/D Ratio 

Shoft Speed 

Turbine Speed 

Effective Power 

■ 1.27 

= 130 rpm 

= 2783 rpm 

= |fv030U) 

(1) PlMed at  17,030 hp by drag at  23 knots, 

A-25 



»■I1 

i. 
Shaft Power = 23, 470 hp 

Turbine Power = 24,450hp   ' 

fuel Rate ■ 10,930 Ibs/hr 

Propeller Efficiency = 0.726 

*• Turbine TOM ■ 0.853 

Drive Efficiency = 0.9G0 

Over.ill Propulrion i;ffici.ncy  ■ O.^O-I 

Tor the MMM conditions (23 kaotl with two rikiin turbines) the electrical 

drive system is optimized by adjusting the "gear r.it.io" through reduction of 

the generator magnetic firld and OpttfflMt as follows: 

I 

I 

P/ü Ratio = 1.35 

Shaft Sp^cd = 124 rpm 

Turbine Speed   ■   2960 rpm (76.ÜZ magnet field) 

tflcctivc Gear Ratio = 23.9 to 1 

Bffootlv« Pew r ■ 17,030 hp 

Shaft ) ov.-fr ■ 23,0-10 hp 

Twbine tower = 2/], 100 hp 

l'iK'l R ite - 10,800 Ito/hr 

Propd,  r Efficiency = 0.7?. 8 

Turbine POM ■ 0,H[>?{2) 

Drive ):ffici( ncy ■ 0.071 

Overall Itopuleion JMfjf :ienQ M 0.602 

Turbine l'owr.-r ~ (Effective hp)/(ij/opulsioii Dfttdeacy x drive effictoncyl 
I (2) 
j The ■liyht decrease, over the geared case in turbine !'OM reflects the 

drop in turbine power icquiied; 0.1:52 is tlu; in i>;iniaj.i POM for 
24, 100 bp fiom two turbines. 
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The oloclrk: drive is thus \.37 more efficient ot 23 knots; at lower speeds 

the diflcrence is more pronounced,  loüding to on oveüill 0-7% advantage 

for the electric drive when avcragod over the mission profile. 
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c 
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• E 
B 

o.r. 

0,4 - 

Tiirl)inc- POM 

I'roptJlor 
Efficicm y 

(Ivcr.il! 

ti'iiim. y 

'I 

SPLIT;   23 Knots 
21.1 to 1 Of.r Ratio 
Oo''^ Drive Efficiency 
2 Main Turbines 

I       T 
0. H 1.0 1.1 

P/n RATD 

"1 1 f 
1.4 1.6 

Tirjurc A-9.    Operating Point With rixcd Gear Ratio 
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A*4'2'2    Selection of Gear Ratios, and Elect no Machinory Voltaacr 

The propdlor pitch detcmilnos the propeller rpm at each speed; 

turbine rpm and efficiency then depend on the gearratio, in the geared 

drive case, and on the motor/genemtor emf (volts/rpm), in the elodrlc 

drive case.   The combination is limited by: l 

Propelkr rnvitation 

Turbine upper speed limit. 

In order to determine tne optimum gear ratios for the turbines and 

the optimum electric machine voltanes, the system math model was exorcised 

subject to the followiri'j constrainl^: 

Propeller limlto'l to  10?; rpm(D 

Main turbine limited to 360U rpm 

Cruire turbine limUod to 72 00 rpoi 

The results gave, for minimum fuel con.':ur.iption: 

Main Gear Ratio 21.5 to] 

Cruise Gear Ratio:      74.0 to 1 

riectric Motor emf:    ] ,632i v/rp-***^ m 
(2) Main Gon«iraton 0.091] v/rpn 

Cruise Gc\noratoi:        0,0209 v/rpm   ^ 

  
0) 

Based on cavitation; sec, D.A. Rains and K.J. d'A.ey.   "Considcr.Uions 
in the DD 903 Rropu^ion System Design, - Naval Rnojneei s Tonina] 
August 1072,  p. 60. " ' 

(2) 
The electric drive system har a variable "gear ratio" with minimum 
value:; of 17.9 to 1 for the main turbines and 78 to 1 for the cruise 
turbines. 
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A.4.2.3    Soloclion of Opr-rütlny Pitf:?i(-.s 

With the cioar raüo.s diid oloclrical consUuits eslahlishcd, the optimum 

propeUor pitch tor each speed was determined.   The result for the geared 

drive with  wmit\ turbines |g shown in fiyure A10.   Below 5  knots with one 

turbine, and below 7 knulc with two turbines,  pitch must be used to requlote 

spoeri because; the turbine fuel rate is at its minUMM value of 1100 Ihs/hr 

per turbine.   At  5  knot?;, the optirnui.-i pitch for  1 turbine  is   1.15;   it drops 

to  l.Oü at   11  knots ami then ru'es to  1.1G at 21 knots.   Similar effects 

OOCUT for cai.;; combination of turbines.    A continuously vaiiable pitch is 

undo'irable  io   cruise co'iditions,  since the  minimum fuel rate can be 

cJc. ely ai.p-or-hed by usinn a fixed  pitch  for each combination of 

tur- h es in use« 

Bsted en the msults »hflwn In HguraAS and timnai result! for Uw 

fv-i'ise turbines,  fixed pitch ratios were selecuvl for each combination of 

turbines.   These vuluos W9ra wwifled as giving opthnum perfomance by 

Inserting then in the metfa model end rumtfiig th no over d.e mission pitrflle« 

The value;;  selected wen • 

Kur.:; ■•■'• (/ Besoline R ssetine B isellno A) emetors 
Turl incs Systc m + Ai te mo lots K iruti ie Yuri>liiei + Cruise Turbines 

1 CSrtilse l.ld 
2 cruise — - 1.25 1.30 
1 Main • 1.10 _ 1.10 
2 Main 1.20 1.30 1.30 1.30 
3 Main - 1.40 _ 1.40 
4 Main 1.50 1.50 1.50 1.50 
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For tlio electric system, the optimum pitch Is much closer to the 

Pitch (].38) where maximum propeller efficiency occurs, as shown In 

figure All    .    Because of the small variation In optimum pitch In the 

electric drive cu.e. It is advantageous to use a fixed pitch propeller 

and a single pHoh was therefore selected for the electric drive.   The 

minimum fuel consumption over the mission profile occurs for a P/D 

ratio of  1.35;   ho-, ever, this requires a   propeller speed of  179 rpm 

at 32  knots.   In order to keep propelle. speed close to 16R knots, a 

fixed  P/D ratio of  1.45 was selected resulting in 1G9.G rpm at 32 knots 

(a P/D of 1.50 would give 1G5.4 knots and the nearest 0.05 variation 

In P/D was selected). 

. 

. 

I-ontoll J\L t0   1,!;  VVheri thG ***** rUel rütC to at ldlc ■* «Peed is controlled by varying liie magnet field.. 
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A.5     ENDDKANCF CALCULATIONS 

Endumnco calculations arc bnr.ed on Bl)SHIPS Design Data Sheet 

DDS 9400-1      .   Valuer, of enduranee and endurance speed used to c-ilculate 

endurance fuel load WCMC selected to match those of the DD-931 and DL-2: 

(2) 
4500 miles dt 20 knoLsv '. 

Endurance power nnd fuel rate were taken from the baseline math 

model analytic   Ships service electric load was estimated at 4, 000 kw at 

a fuel rate of 0.8 IbAw-hr (see Appendix B) and "fuel consumption for 

other service:; " was estimated at 10% of the rhips service electric load. 

A "tailpipe allowance foctor" of 0.95 was selected (i.e. 5% of the fuel 

is unavailable).   The endurance fuel load calculations, based on 

DDS 9400-1,  are shown In Table A4.   The result of the calculation la 1428 

long tons of fuel; 1430 tons was selected as the endurance fuel load. 

(1) Design Data Sheet DDS 9400-1,   "Calculation of Surface Ship Endurance 
Fuel Requirements, ■ l Nov. 19G3. 

(2) R.T. Miller,  C.h.  I.ong and B. Pelts,   "ASW Surface .Ship of the "i\0's" 
Study, " Kiaval Kngjncors lournai.   Dec.  1972, p. IS. 
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Table A-4 

«» 

.. 

i. 

® 
® 
© 
® 
© 
© 

© 
© 
® 

(Tu) 

© 

ENDOIMNCE J'UCL LOAD 
(1) 

4,500 n. miles 

20 knots' 

7,600 I. tons 

80,000 Sill' 

17,100 SUP 

0.21 

4,000 km 

0.617 lb/SHP-hr 

d) 

Endurnnce 

Endurnnce Speed 

Full Load Displuccmcnt 

Full Rated Power 

Enduicince Power at Qond (T)   15, 500 SUP 

Avg. Endurance Power 

= 1.1 x   5 

Ratio: (5) / ® 
Cruising Electric Load 

Fuel Rate at (ö) 

Prop. Fuel Conr-umpUon 

Aux. Gen. Fuel Rate ^t (R) 

Aux. Con. Fuel Con.sumption 

■®» 0 
Fuel Consumption fjc Othoi 
Services 

All-Purpose Pue! rc,;w»UBJptlon 

AH-Purpose Fuel Rat« 

-   ©   /   ® 

(2) 

(3) 

(3) 

8,850 lbt/hr 
(4) 0.8 IbAw-hr 

3,200 lb/lir 

320 Ib/hr^ 

12, 370 11./hf 

D.7J3 lb/BHP-hr 

(1) Ref: BUSHIPS Dealgn Data Bhcel uns M00-1,  "CalculattonolBurface 
Ship Endurance Fuel Requirements, *< 1 Nov. 1963, 

(2) Values selected to equal DD-93] and DL-2, 

(3) Values from baseline model. 

(4) Estimal'-d values for ships service. 

(5) Estimated at 10% of fnixiliaiy generator fuel eonsumption. 
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Table A -A (Cont'd) 

© I'uel Rate Conoction Fciclor 

bared on (7) 

1.04"' 

© Specific Ti'Dl Rale 0.752 Ib/SllR hr 

0 
0 

Endurance Fuel H.itc 

-   ©   x     1.05(2) 

Burn.iblo rucl 

0.790 ib/snr 

1,357 l.tOM 

-hr 

-  ©x©>:  @/(©x22 .0) 

0.95,3) 
@ Tailpipe Allowance Rctor 

@ Endurance Puol Load 

• ® / ® 
1,420 l.tons 

(i) Value from rof.   (1) above; (1.04 applie:   for (7)   ^  1/3). 

(2) Value from ref,  (1) above; reprcsentr; arbitrary 5% increase In fuel 
Kite to allow for deterlorat'on over two-year period« 

(3) Value from ref.  (1) above; 0.95 factor selected for broad,  shallow tanks 
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The anduninoe fuoi load compumtion radvoei to: 

4.MS x inA (f^r^p—T ) (A11-Pur^oso Fucl Consumption ) 

.. V/hcio: 

K ■ Ptiel Rite Correction Factor 

1   0-1 for ( --•,- ) < 0.S3 •u    10     Full Rated Po-vor   i 

1.03 for 0.34 <:  (-^-- J * 0.66 

. ,     /8HP \ ^ä , -, -1.02 for tpRpPO.S? 

Ml-PurpotC Puel COfltumptlon - (PropuUlon Fuel Consumption     ) 

4  (Auxiliary C'uuoiator Fur] Consumption) ♦ (Tuel Consumption 

for other Services). 

Conversely: 

Range (Endurance) - 
20Z 7 tSpeed) (Endurance Fuel to&d) 
K (All-Purpose Fucl Consumption] 

(A20) 

(]) Taker ■>f power required et endurance; speed in endurance 
fu..l ], jlationa (aJIows for .idverso sea conditions and bottom 
fouling        ■ a two year period). 
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In order to provide a compirKvon betweon various configurations, 

range was calrnlatod acooidinq lo the above expression.   The totnl of 

auxiliary generator and other services was held fixed at 3520 Ib/hr in all 

culeulatioi.i..   Fuel rate was taken from the computor results at each 

speed     and an allowance wai mada for additional ships laivloa load 

ai fellows: 

Added Ship SOTViOa Load (hw) = (Cooling Load) 

f Qteirlgaration Load) i  (Lubrication Load) 

Where: 

Cooling Load (l;w) ■ 0.02 (Turbine HP - Shaft HT) 

{Estimated ship i ervioe load raquirad for pumping coolant and 

aoawatac to ramova heat generated by losses). 

Refrigaration Load ■ Power required for helium compressors 

lubrication Load - Power required lot lubrication of electrical 

('■') genorators     , 

Added Fuel  Load tlbAr)     D.I •• (Added Ships Service head) 

No ]J0/ adjustmont Cactor usod on power. 

™ i/.oior lufarieation considered even Imdeoff against meclianical 
year system« 
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TXü mpic: 

Electric clrivi; system with cruise turbines at 25 knots; two main 

turbines operntinq: 

Turbine IIP   ■     30980 

Shaft HP       ■    30040 

Rofricjeralion Load 

Lubrication Loüd 

) 
19 kw cooling load 

130 kw 

2 kw (Two Generators) 

Total added ships service load:   IS! kw 

x 0.8 - 121 Ib/hr added fuel load 
Fuel rates: 

Turbines: 

Added Lotid; 

Shipr; Service: 

Total: 

12,890 Ib/'.r 

121 Ib/hr 

3.S20 Ib/hr 

16,531 Ib/hr (All-purpose fuel rate) 

Slip-   Rated Power (80,000 IIP) ■   0.38] K ■ 1.03 

2027  (2b) (1/130)      ,_.      ., 
Ranae r- v vr #;/^«\4 ■ 4250 miles 1.03 (10531) 

Averuqe rosultl over llie miGsion profile <iic besed on the average 

mission speed of ISV8 knots and the avorago power loss UIKI lubrication 

load.   The endurance fuel load is reduced by the weight of any added 

propulsion equiptnent. 
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i.e., over the mission profile: 

Ranor - JSiLflSlfl (1430 - Addcd '-qulpmcnt Weight) 
1*04 (Avoi\i(jt! All-PurpOM Fuel Consumption) 

•   30795 (1430 - Added Weights)  
(Ävcicige All-PurpoM Fuel Consumption ^A    ^ 

Example; 

Tor the cjccucd-drivf  büselinc: 

Avorcigc TurbiTiO UP   =   10770 

Avoroge Shaft UP 

Rofiigcrütion Load      =   0 

=   10770) 
J  9 k 

=   10340/ 
w cooling load 

Lubrication Load =:   0 
gTwlotal load (7 Ib/hr) 

Fuel Ratet: 

Avcraga Turbina rue] Rate ■ G392 )b/hr 

Avoroc.'c Added Load ■ 7 Ib/hr 

Ship! S.- rvic-o Load -   3520 Ib/hr 

991 (i Jb/lir total 

Added Weight ■ 0 

Range r- — ■ 4440 mile?, 

A-40 



A.G     BtCCTRIC DPIVL' MATH MODELS 

Math mode's lor the •lectrlc moton;, (jenorators, ticinmisnion linos, 

ond busr- Hnei arc sliown in ficuircii A-12 through A-1^1. 

A.7    ALTERHATOi MATH MODEL 

Anolysli of tho erottover (fficiency, ac ehown in Eigm A-15 nives 

an rapresslon for drtvo lysten efficienoy in Ihe oroosover nodo oqua] to 

0.921 for a drive effioioncy of 0.96 and alternator cffirinncioE of Ü.C)H 

E2 
each.   The liümo raault ir, obtained by using 0.% x (0.f;H)  j i.e., by 

multiplyiiiT Die drive uff.ciency by tha altemator pair (fficiency of 0.9C. 

The latter method ta used in tha computer prcgram whenever croaaovar is 

^ ured. 
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MOTOR MATH MODIX 

Ic-AV.-rF 
t 
X 

•A^ 

M 

MT 

M 

R M 

0 

K M 

K. 

K., 

= Input Cuirenl (Amps) 

= Tc.Tiiiinal Volt.ine 

= noch cmf (volls) 

= Internal resistance (ohms) 

= Shr. ft rprn 

■ shtft tarqiM (i'o-ft) 

■ T ..ir-h rjiriT   (vor s/rpm) 

2 
■ Prictlon lor    CKw/rpm ) 

■ Echiy currert lost   (Kv.-/rprn ) 

= Viteous loss C'.v/rprn ) 

Given S and Q (from prop^llcf c;harsctcrlstlcs) 

0.1428 B»Q !  1000 OLS2 H KJ   ♦ Kyu* 

M 

M M 

V MT   ■   V     Hi     R 111 VM       M    M 

M 

rinurc A-l?. 
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GENERATOR MATH MODEL 

i\__- 
i    i 

1- ^ ^T^f 
^S^ 

^-*c* 

!_       =   Onerutor Current (amps) 
G 

GT 

V 
G 

Torminil Voltage 

Bnck onif (voltn) 

Internal MsitMnoa (ohnis) 

Sli-tft (turbine) rpm 

p        =   Turbine hn 
T 

K,.      =    B.ic): c.ni tvolts/tpM) 

s 

G 

K, 

Friction losi; (Kw/rpm ) 
| 

Eddy current ]OHS (Kw/ri-;' at ful) {i< Id) 
3 

Viscous lost (Kw/rpm ) 

Peccant magnet field 

Given 1    ond V,,,., (ftom BUSS Line); 

vr; ■ v<a - V/G 

■f K
G . 

* I^V- ♦ 1000 Mf2 + KE(Pf02H  KVSTi 
74!). 7 

F.   and P   die ri function oi tho percent nagnet field. 
_ Fittwc A-13  
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TRANSMISSION UWE MATH MODEL 

HlVd I 
Pur;    ' 

 I        UIM6. 

V 
MT 

B 

Motor termn :) voltagc 

=   Busn voltago 

I  ,      ■    Motor current (nirps) 
M 

R -    TranEmicsion line resistance (ohrnr:) 
T 

Given L. and V.«- (from motor); 
Ni r.i i 

VB     * \n< Wr 

BUSS LINE MATI1 MODEL 

IfoJ 
L    J 

I 1 
I 0...J 

L 
r-i r-i 

L-J l-rJ 

5 RB 5 " Ö _]  J 

M 

G 

B 

. . > -•    «» 

Motor curtf i:t (an ps) 

Generator curn nt (amps) 

Bust voltage 

v .,,   ■   Generator lennlnal Ä>ltaoe 

R        ■   Busi reetstanoe 

N       •   No. of turbines operating 

Given 1    and V, (from transmission line); 
M B _ 

2 I 

«G 
M 

VC;T    B VBH J.;,:B 

A   << 

Pigura A-11 
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i. 

•1. 

i. 
L 

D 

i 

. 

Rcciuctlon 
Gcvir 

i:ni:A 

Alter- 
nator 

«♦E
DV Alter- 

nntor 

L
2

I: 
2 

A     D 

1 + L,.L 

PT 

DA 

V ED2 
Ovetall efficiency ■ 2 ( L 

Where- 

PT    " 
Turbine, Shüft Power 

E     ■   Mternator Efficiency 
A 

r     =    Drive Efficiency 
D 

For E   - 0.98 ond B-j- 0.96: 

Power transferred ■ B.489 P-j- 

Effleiency - 0.921 

Re duel Ion 
Gear 

E 
2r2 

L
A   ' D 

1
 
+
 

E
D

I:
A'

; 
'T 

Piayrc A i!>.   Wtemator Matli Model 
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APPENDIX B    -    SWTCM COMPONCNIS 

Tiw: ■ppendix ocMiteina itotollf eftha wpwoonductlv« »otoi». r,or,cr- 

Btoni Bud BucUlary •qmi*»ni iuMd M B baaia for tlMtrlo drtva i»rfdrMinoa 

in the atlldy. aa WU a.  the  alternator do.iun used for the ucrec! .ystcn... 

B.l    MOTORS 

Tha motor daaign uawJ la based on a dMioa developed at MRDC. 

Annapotia, Maryland   'i aaamtfal d^alla ara ahe^m la figure B-I. 

B.a    MAIN GENERATORS 

rnc 20.000 hp naln »anerator daalgn la alaobasad on an N8RDG 
(2) 

design ' and I« ahown In llguro B.2, 

B.S    CRUISE GENERATORS 

Tha 5.00;. hp cruisa generator la almilar to a 5. 000 hp.  IS.OOO rpn. 

generatot ciealgn developed at l^RDC.   Tha generator was redealgned 

tooperatoai 7t200rpfi   for uae with the Gar^tt WO gaa turbine and 

machine losaea and holiuin requlronicnta wore estimated uaing techntquoa 

(1). 

.   At 

r. ]. Doyle. "Superconductive Propulsion Motor Developwent at N8ROO " 

H.O. Stevens. ^upercoiKluctive GenereUon Devolopmont for Ship Bioctd 
^ syflems. Maval Ship Research and Development Center. Ännapoll^ 
Murylond, August, 1974, • • '. 
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i. 

40.000 IIP SUPERCONDUCTING MOTOR 

Dosicm Point; 

Si^e: 

^  k - 

40, 000 hp at  IPO rpni 
(3 0,510 kv^ at. 300v) 

OD: 0.47 ft 
Length:    11.67  ft 
Volurr.c:     384 H? 

We in 1 it: 

Mfif.hine wekj.l:   130,000 Ibt 
Mount weiglil: 6,500 lbs 
Total woigM; 136,500 lbs 

Perfo) !::iri(:.j at. Destcjn Point: 

Power Inpul:  30, 5 J... (40,918 hp) 
Lotiseü:      Ohmit: 620.d kw 

Brush Eddy Current 59.2  kw 
Brush Vttcous Droq 0.4 kv; 
Betinag, Gn.'iJs  and Windage       i 2.1  ky/^ 

682     kw total  (013 lip) 
Powor Oiur.t:   '10,000 hp (29,828 kw) 
Current; 101, 700 amp« 
Voir-.^::    • 300 vohs      Efflciencyt   97,76% 

Helium R( mi''rod: 

o.oy? gat/sec at 4.3 v.,   1.1 atmospliore 

Design Constants* 

Kj,/ (Bad: (.iMf): 1.632!.:  v/inin 
Rl^l (Internal Raslstanoe); 60 mlcro-ohi " 
Kr jrrtotlon Lost): 6#401 x 10*'    w/(rpm)2 

K,. (Eddy Current ios8)i 1.827 x 10*3 liw/(rpm)2 (nt full field) 
Kv (Viscous Loss) 6.8S9 x 10*8 kw/(rpro)a 

Ptgure h i 

r :: 

-'■-- ----- 



20.000 HP gUPCRCONDUCTINC MAIM CKKniRATOR 

Peglcjn Point; 20, ooo hp 0 3300 rpn 
(14,800 kn 6 300v) 

OD: 3.17 ft 
Length:   4.17 ft 
Voluii.c:   M.tft 

Wolglit 

Machine; Weight: 
Mount Weight: 
Total Weight: 

10,000 Ibr 
L^OO Ibc 

10, ÜO0 lbs 

Per for:;, r^re at ä< ricn point; 

Power Input:       10, ooo hp (14,IH V.w) 

Lossee: Ohmlc« 
Bntfili Cddy Current; 
Brash Viecoui Drag: 
Beerings, Seali ü Windage: 

27.3 ):v. 
Z7.8 km 
11.1 lew 

_ 20. [Lkv; 
TOG"   kw Total 

Powei Output     14,008 leer 
Cane t: 49, 360 amps 
VoR   .  : 300 vo]t.s Efficiency:        89.29% 

H^li      '. quired:   0.04S gri/:, o «it -'.5 < ,  ) ..( ettnoeidiere 

jjof • r.  Cops!  nil   ■ 

1',, tBack ' ■ '): f.'!'}ll] volts/rpni 

I'.I (Internal Recistonoe):   11»2 Dkicro*c4uns 
-8 X 

(I'li ition Los;;:):   1.83C5 K 10     kvv/(i i.;.i) 

Kc. (i i'ly Currenl Loss):   I.SSa N 18    lew/OpuJ     (At full Field) 

-18 3 
i:,, (VJ•,,:.• .i-.r, i.o-;.):  n.cn/:>:io      kw/OpttO 

Plguru li-2 
8- 3 
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■Inilar lo Iho« 

flguro l>-^. 

I used M Nr.KnC(1).    ItW final dociyn is shown In 

p..4    AC-DO GCMERATOR 

Garnlt Airoroarch MantAOturlllO Conu^ny has propoMd fl »oa- 

supou.oriuct),^ S.OOO hp ac-d. generator for «w with the Garwtt 

990 HtfHne9'.   This gMemtoi itov«topi Öw dc powwr requi-.d by 

the luperaondiieting mdton bs qoneraUnu uc pefwer which it. then 

Mettftod to dc by a benk of  120 diodes.   The MMblM is Jess 

tmetent than the wperooiiductlog eniloo genorau» IM.M6 ncjainst 

99,2/,)  BQd WOlohi alout   1-1/2 lliaeiai much.   ]t has the advantages 

of not raqmrtng liquid hrtlun ooollnfl and an aWltty tarmpW change. 

in Oeld aswitatlon (vary npm BoW changes an not poaaibla la the 

•up rconducMi D machine beco iso of i rfignot and Induotanr^ UraUa- 

Hens).   Iheuaeofthe ac^lc genorotoir as a aubstitute fw the sop«, 

oonductlng - n rotor la discussed In the text,  licuw B.4 gives the 

essentli I design details. 

B,5     ALTERNATOR 

the alternator used as a basis  BM the gc .red drivi cross 

0v« systems i-. -iso based on Wresearch deelgna  developed b» 

HAVSHIPS.  Ills, eaaentlnlly, the ao-do geiiwatoi design without 

TO: 
CO 

PC 

1. Doyle end M.I. Canneli.   -Development of the Shaped Pleld Super. 
iiuc [ivc Motor. '•   Naval Rhlp Rcsoawh , nd D. v; U>pi ..at Center. 
»the! lo, Maryland, Report No, *X7B, January 1374, 

(21 V;';;;'- pcrfonned und< i the nunpicus oi ihi   i'.-. Novy Naval   '!ii;>s System 
undoi ■ kmli ict No. N002n. ' '  (: 54Ö7, C.'tlli'.:. 

P-l 
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S.OOO .ULL?lir.;!.i :ONDUCTfNC GRÜBE CKNERATOR 

G 

CJ 

Dcslq n Pol m: 
V 

5,000 hp j   7,200 rpra 
(3,700 l.v, @ ISO v) 

Slzo 

OD: 2.:-''; it 
Lenythi   2.^3 ft 
Volume:   10,0 it' 

Weight 

Machine weight; 
Mount  v ... ifjht: 
ToLh). weights 

3,500 Jbr 
350 Iba 

3,850 lbs 

Parfor ■ pm ^ at  DP.« Inn Po! it« 

power Input:   Sf000hp (3,72( kw) 
Loi ses;   01 nalc )4,f, ■■'.•,■ 

I'-i ush Eddy Current 3.0 l.v, 
Brush Vlscons  Drag l.r !;■ 
Bearings, Seels and Windaqe y.C' kw 

JVA.C.r   Outp it;   .), 700  kw 
Current: 24, 640 ami» 
Voltage: 150 volts 

2p      kw total 

Efflclem /:   99,24^ 

Hol (i ;.   :    lulrort; 

0.05]  gm/i JC :.'    4,5° 

Dosl' n Con^tan^n; 

I-,   (Backeml): 

'.,  I.J iM mobpl 'i' 

Da0209  volts/rpm 
I'    (Internal ReslotCinco):   24 micro ■ ; = 
1 ;.' (rrlctlon T.o:;;:): 0,1736 ;•:   10 6 kw/{ri uj 2 

K^ (Ikidy Current Loss):     0.0579 .•  10"6 kw/(rpjrt)2  (ai   Full filed) 
Cy (Viscous Loss): AA:>'', X  lO"12 kw/(rpm)3 

riguru B-3 
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S-OCO  HP AC-nC GENnRATOR 

DCi Rectifiers 

AC; Gencrotor 

v, } 

■'" fT ■ 
kl  

2 .0 ft . 
lOD    ; 

'   I 
: i 
i i 

L. 
4,17  .'i OD 

! 

6.75   fl   —I 

Dor^jriii point: 
5, ooo hp at 7200 rpm 
(3,7^1 KW fit  1S2 VTX ) 

S: ■ 

Voh ■    :   21  it    (41 ft   envelop« ) 

Wel'i) ; 

Mac! U '■; v. . I ;..t:   ':>, '■'/'.' lbs 
Mount v/elghtj 500 lb i 
'"•■.- •••■•'.■  ' ': ' , 07 Ü lbs 

; ■•  r
l i • .' : ■ ■      ■  ■ -   ; 

PO'. .        ^     ; I,';.'.        : •.• } 
Lossi    ;'.;.■' Büv3 kw 

</ •  '; •■..•...., •' ' . 8  I.- 

] !'J 

Pov      ()u1 pul: ':. '    '   kw 
Ct    •■  ':    23,650     ...-'••■ 
Volt      it     152 voll    do Jli icien« i:   96.5* 

Nol■ ; ac Dffiol   .;■;   f  111   IUI roctlfl  rr.1     ;)>'.'• ' 

I'i lurn  !. •' 

H  G 



; 

: 

; 

motifierfl,   Dndertha c:onn-iici pMviously riie-J, thra^dMlona v/erc 

d«v»loped with the  toilowiiv, ohtnctttitotloi for UM tc portioji of 

t)ic mochimsi 

 Powoi  

3, (mi! lip 
5, 000 hp 

20, 01 •: hp 

CD     Lonnth 

IS* 
£*   1 

50* 

4 3" 
(■]" 

B4* 

Weight 

1,900 Ibfl 
4V9SQ  U,;; 

19,600 U . 

Spf)ed      j\r. Ffficionc^ 

10, (Jfi0 rpn 

M00 rpm 
•j.t 00 rpm 

97.2« 
17.6% 

Tiir: crossovw alternator for this öppi.f itlon nusl be cApoble cr handling 

10,000 hp whenetthar on   or three malr turblneii are eaed topewor 

the two propelloi ihafte,   Ihc dealgr da B for the Uiiee nwchlnea 

abov   wai extraj »loted tc. anfve at tha following speeifteations for 

UM  r< quJ ■■•■.]■.    Lor: 

Be Fj [Icleiv .'  L'-. •       QD    \ri...:' Woiohl S]   '  ! 

W»' '■'■ hp      36-       7::"        10,000 lbs 5,000 rpm 98.0X 

Th    98       fficicn      :.   coi   Id    3d n  i an      v . ■•   ;.   • .   \a  is, view of 

l'": '•■•'■ original ü(     •.:.,•..      .   Btxalncd by lh<  n.   ■■.■;;.;j;\ ol 

i:'' ■''    '     •']: ;   ' - '•'■   oi   ::'  -< ■       -     : : ■:'   In li :   nr-di     i   cions; 

with ll •   <  '■'::'. ;:'""- rei ic     1, ei \ci      /,::;:■•    n ':-..    ■ • mid be 

po ■ ■  ■ • ■ i  ■   '  : ■ •• ■        ■   use Mn il    Btud>   m '■  a vail" ■ a! l);, ■ 

''''^ >  ■■ ■ : ■ ■    ur.ed  for a  pail  ol , U( r al    a foj c ossover, ESJ onttal 

detiill;   'f the oltcrnator •; i shown in FJ  uro b-5. 

n / 
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10. 000  IIP I n ALTERNATOR 

r" 

r 
L 

V. 

Po: .■•. , \ ■ li t: 

10,000 hp at S, 000 rpm 
(7,450 '.•.- ■'■  -:, 160 vac) 

..,>.• 

1 

Si?. 

OD: 3.0 t' 
Lei gl] :    6,0 fl 
Volu ■ . :   *]''..■':   ft3 

Weight; 

Mdchii J wel rhtj 10, • DO Ibi 
Mount w« fghtr 1,000 Iba 
\\>: A weight;        11,00(1 Iba 

J   -■..■.•■.   .'. r ■:     . ;' .   ■ 

Ccv,- r 1  putj      10,000 ] A 
U • 149   I    '   ((.•:  . . ) 
Pert   it  out] at; v, )( \- i.v •• .    ;•   kva) 
( v;,. .   ; '/.. 02'   amp: 
Volt .■,  : •;. ll '■ voll . I;I,: 

riqurc !'-' 

r. 8 

J 



1.1     TRANSMISSION LINES 

V.i-yinn UM tiv.u; mj;.ri. n line raSittailOM vi,. porformanrc over the 

Mlttlon profile provldad IIM followtng rtl«tioii»Mp fef tiie baseline 

ronfigurotlMi; 

Fuel consurood due to lino re«l«tancei (in Wtm/hr), 

Ow      o.7o K   i o.9a !■• ... + 0.2?.r.    (MainTurblnoi onlyj 
i' T MG •- 

- Ü  69 R    I Ö.M B  ._. + 0.20 K . H O.J'ir;       (Mdin + Cruise TurbihcrO 
] MG C Gi» 

i Whero 

H -     Motor transmUslon lint ratlstanc« 
'i 

MG 
Main gem rator busa Una raslstanca 

■ ■     Cruise g< n< rator 1 usa Une raalstanec 
CG 

]: _ c Ri   ■•     Una if slstanc< 

{/.]] In micro    ; '■'v 

•,,/_._,, l:i,   ;.,   .■•.;:;:.,,.. Un -. as coa; ;- I ahimlnuin tub< :- •■,Ji:! Integial 

/,,.•,; ,     |lnq ■,,,,, B| the cro! i   aecrional • •• a ro^wir-: foi the atumtnuan 

and •' ling tuber ist 

.   ...    !     .    L 
AiumJ .!    •   53,76   , ■ - v!-'   ) 

Cool itl  ;       2.t'(   J  :.   "■ I   B  v"i   ) 

Wlioro: 

i,  ■  J..,.-,UI (i;) 

):  i   Roc 1. tancc (' ilw o ohm:'.) 

1       (/...-M.II -u ,', ri'M' cunt .i! (imps) 

B 9 
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Ai. a IdlUona] 20    i:-. allowed lot coolant pipe and Intulatlon thicduMS«, 

Tho total weight • ' tin trannmission lino Its 

W,      —-  • 1,^  i 1.385 K I0'11 I2 R. I   (Ihr) 

Ä trad<   ofi .;■     occurs botw« c;i the ti.w sinlssi« n tine weights and the weight 

of i ■- I com   i    ;;. as el  • vn In figure     ';- G. 

Ti.': it .. emission line weights wera opUrnized against i'1': amount 

ol ! JC ' buri i d in re:! houn with tho Following results] 

Bos« li./. a' figuration 

'•'":  r transmission Hnes(2):  i7k
r-,  S2'long,  3000 lbs each. 

Main g<   orator btsj  linos:   9 M!   each, 55'IcUil, 
4190 lbs total. 

1 ■•■•    ■• ulso gei   : .    .  Uno;   Bi '■     , <'./.'. 40C    lbs. 

Afr c:'.'!' ( ratoi  '   .   :    /;; 52V   IPIf 

. .     Ci   58 ■..• r line;    I 10   .     ,!: /',   i..:.::; :■. 

Ftfcunfifj  ted Pnalnc !•;■ ■ ■ tr.i. u 

. .     Motor tinn;   ,.;• Ion !ii    ■ (2);   62 i icl ;  \\    .  lim    I 
" I ■■■■ !: ■;   aft In:   44'; M 90 II   , 

'■  liii gtn  ratoi bu; i   linos;   J n ;■ ' ,  72* total,  5600 I! 
t >tal, 

Fwd cnJiso generator line;   97^0, 98', BOOO Iba, 

..    Afl cruii   generatoi lln :   100^1 , '/]', 2630 lbs, 

. .    Crosso  line;   27 p  ■, Al',  30 0 lbs. 

Id 

^. 
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Thou Mit I 
Of 1 IK 

Itt*" 

9.6 

Thon-aii'ls 

of 1.1.s 

MOTE-    Alll-iicl Wei}!.' 

an lor fiOO Hü. 

of dfHTaiion 
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- — 
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vo 
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a. ^ 

Piguro B-6«    Line ttnd i'ii''i Rates vr:. Rcsistonroa 
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Tin' actual configumtloni M« shown In Boun *!.>■7. As nay be seen, the 

total ntslttanc« between Melon end genefttora dlffen fereaeh combination 

■eloated«   In order u-. i implify naelyetii a ■©! of equivaiont rMlsiaaoei 

woro computed which would 'jiv.' th4  seeie ohmlc (PR) loei ^^ the actual 

phyttcal configuration, bul which wouM perr it a tingle motoi traMmisaioii 

lino ratistan v to be us< d between the motors and a common buss point« 

Each generator la then considered to be connected to this common point 

with a resistance whl( h Is the same as thai Cor each of thi other generatort, 

The resultant values an      : 

V:\:• ,•]i I," f. •• ' -1• ..! loi Reconfirmed Engine Room 

SS 

98.7 

107 

i.n 
17,0 

3.:.(J 

R , o 17,6 
6 

wh  .   : 

v   I,  rcsintdi   ■ •   twron tn tor and bdas point 

a   in for ?      lire ti 
y 

I;    is foi 1  nr iln lurl In; 
3 

a    is Foi 2 i   ii»i t'.'1 bln  a 
A 

a   Is for 3 main turbln» c 
5 

P   Is roi M mnin turbin ; 

H.r - 17 

P 
1 

0.1 •.> 

1\ 7? (i 

3 39 .6 

^ 
9 ,0 

's " .1 r'l • 

(J) All vaiu« ■■ In nii-.i •-(■■ih)",. 
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111' 

ES 
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EixlfJtlun BnoJn'} Rf»oin 

■  i. 

17 I '  i  
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■ ;.•;.•.•:■ a- fa) 

n'l 

i 

[?.•.■   Til •'. • .   .. j 

® T 
71' 

i    I i^— — 

) 

i" ^-■ 

'        1 1VM< 

LM-. 
! © I ■   ; 

AFT 
F.l!, 

U- - I t 

I 

J";,,;-   r (";   ; r    ■;• r. i'ooir. 

ft ««k Crul   ■ v irblnn /•^.    Main Turblna H- Motor 

I'JI uro i ■■/.   Transmission i Ine Ck>nflijurationi 
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Tor oruiM tMbinefl looftted In UM •ngine room;;, Initoad of topside, 

the imnSMiStion Uim were tstumed to bo 20 ft/ long with ü resist.ince of 

27 micro-ol.r::.'-. edcli und a wcinht al 1500 lbs.  for ihr ptAi,   The valttSfl for 

R   and R    through R_ rcmnin the same ü;; for the reconfigured engine room 
T 3 I 

coso; R. end R9 become: 

Rj ■ 18*72 Kr 

R   ■ 17.00 MO 

r-14 
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B.7     lir.miM COMPRESSORS 

lasod on the cctiiniU d motor md (jencroto: hnliuni lor.r.os, tho cnount 

ol oompreMOf powex raquired for cnc^h wai 0tttiiuited BI follovs: 

.Machine 

Motor 

Mim Gencrataf 

Cruise Generator 

I-felturn Loss 

0,097 gm/sec 

0.045 gm/sec 

0.046 cii.i/ücc 

Gun.A Power 
Rcqulrcl to 
Rellduify 

0. 694 Kw 

0.rX2 Kw 

0.329 Kw 

Oonprossur 
Pov/rr 

Requite'.I 

22.8 IAV 

12.0 Kw 

13.0 Kw 

Ar-surnir/j one oowprossof ppr engine room,  tho total coirprcst;or 

pov.M r required ir.: 

Main lui bine B Only: 4R. 4 Kw 

Main-i- Crtiise Turbines:        01,4 Kw 

The enppressor tires n quired fot these oatputu were i tttniated ai 

Main Turbines Main •!• CSruise 
Only Turbines 

Maximut ,1 lw\v\ r 50 Kw 65 KW 

Volume 33 ft 43 fi-'1 

Weight 2S0Q lbs 32S0 lbs 

Length 7 n 7 it 

Di.jlnelf- i 2.5 R 2.8 r;. 

B.8     HCUUM CRYOSECTIONS 

Hi Hum cry«  i^cllons are mounted B<Daoe«< to each •uperconducting 

nachtne and for» the final te-iriger.iiioii (expansion stage.   AT1 cryoscctlona 

wcrek^itth  same slat  for oonsnonalltyi being sized to handle a naxltnuni 

i; IS 
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r 

1. 

load of 0. 10 rim/; ( t of hatlum.   Twu oryOMCttOM an- used por motor to 

toeiütate npld OOOMOMI §nd to provi-K; tmiuManof la case oi i.diure.  The 

•meriitora have one onoweUon oacli which oonaally opwata nt hn)f oopa- 

ciiy oxcepl during bittlal .-o-.idown.   i:.H-h oryoseetlon !• I.Q ft. in d-imnor 

by [KO ft. long and «ralskti B33 ]bs. 

B.9    HBUUM CRYOUNES 

The oryog< nie tranifer }incs batwean the eonqarassora and oryoaeorUm 

wer., deaigned to handta the naxtaiitn load, bMad on the nurobac of cryu- 

■actiona used.   Una aisaa and walgrhta required an aa föllowa: 

Numh.^ ■ Of Line 
Oryoeoc .on .9 OD 

1 2.0' 

2 2.9" 

3 3.5" 

4 4.1" 

5 4.0" 

W« Ight 
Jib r-At) 

2 2(5 

1. M 

C. M 
9. 12 

11, 40 

Tha total U ngth of Unea and tot ,1 weight for each oorilnuratloa li 

!'v;d. Bngin   Room 

i wd. Cruiae Turixtn« 

Aft Cngin« Roon 

Aft Ctruise Turbine 

BöS< dina 

40 JL; 232 J!>r 

00 ft; 184 Ibe 

5G ft; 243 Ifaa 

00 ft; 136 Iba 

Reconfigured 
Enolno Room 

!W ft; 75° ibe 

70 ft; 175 UM 

54 ft; 322 Iba 

GO ft; 150 Iba 

)}-J(. 

^^^^-^^^ 



B.10    S\VJV( | G 'M 

BaMd c,:: <)■ ufqut developed at NSRDCi  Annapollt« iho tltma and 

wciohts for ( loctrical switches requlrefl wcio D&tlmated us followw 

I'cr TV-   \Vi:h 

Cfui.     r.'. r.' •■ ltd 

Main G   . ; itoc 

Crossovci Line 

Size 

ir>" x 21" K r>" 

II" K JO* R 7* 

17" x 2€ ' x R* 

Weight 

IS Ibt ench 

2'/:, lbs each 

J35 Ibr. each 

The switch« .  h .•    been f1 signed to heAole tlv m ::h.)um curreai'f i tranelents 

which occue ir, ü ich appllc .ti^n and r^vo to connect r'nd disoontMCt the 

O'i ■ r. tor» from the buss ü^J, revers< generator poUutttes and to open end 

clos< the a   r '•■ • • r Un •.   In adttlon to tha twitch« s, rheostati ere required 

(O t)i ;    VOll ■ •' hi ■• ■ Lrbed wh( M btinglne Qenerators en and of1" IIIK^, 

'..•)I-;. swltchli • I   caosrover awi when revereinci the Bolora.   The rheoalata 

requln d v/ei    '.: llm jted aa '- IV/ws; 

For llr<  ' 

Oruli •   ''  •   '   . -: 

'.. tin ■   ■" 

(.•.>■,: 

19" .:    i<" N 24' 

40"    •     10"   X   :'■■ 

2 r   ■. /i.'   i   /•■■■ 

Weight 

7',0 lbs 

4000 It.: 

770 lbs 

1 ■ - i. ■   ■ ,,, Cnui :   ;. '    ■ and < :.   rhtioRtät are roquin ■' In 

or or>tei top   »vitl   i'>r.   rd/rcvorae lolarities an^ olsoonnect«   Tlie total 

:• .'.-hfl...-  »r      ' s rcsultht'i i r< pacV< :: d as follows: 
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For Uso Willi 

Cruise Conor itof 

M.iJn Gvnvr.-Aoi 

Crossover 1 In« 

Stse 

14« x :j.ü" M 41" 

40" x <•" x 70" 

7A" x ?.2" > Ai>" 

Wight 

HUG Ibr: coch 

5100 lbs each 

1300 11):; v.ich 

s., 



l;J1     ESTIMATE OF SHIP   SKWICE POWER 

. 

as tollcA 

W • ad 0:1 ic ii'.i". in el< ctrlc powec capacity aboard DDclasa VMSOII 

(1) 

Ve.-.r 

I94S 
I9SS 
1975 

Kw Powi r 

1,0 00 
2, orio 
0,000 

on iir tailed capa< tty ot 6,000 Kw wofl assumed.   A Bl ady toad of 4,000 Kw 

MBI then assumed ior sssesslng Isipact on ship's Fange ^Mtfamotdo varia« 

tion' in the stud) .illow adjustmenl for changes in this power level). 

A level of i, 000 Kw i an be provided by one nominally SOOO hn turfaiiw 

operating t-t n^ ■; ?'.>]' load; fu ■! load woulci be 2700 Lba/hi.   li u secoiv . 

standl /,  ivrbiii;  li a8sum< d to be op< u tin i at . H. tinv B al an Idol fu I load 

of 360 li'i/hr, rtw total fuel load Is 30< 0 Ibs/hr tc   4000 kw output, or 

0.77 Ib/i:-. -hi.   Based on thii , the r.lv-- auxll; :■ ,• •   n< ratoi fin I rate >v ..- 

iisf u:    d to b<  0,8 lb T.v. • hi. 

*'C. Grahatw,  "rectors/ fecting W val Ship D ^ign", ^ayal rir>lncfcfs 
lour no I. F'.'bruary,   197 '.. i .8S, 

p.   I 9 



APl'LNDW C - COMI'l XEK STUDIES 

CJ    GENLIJAL 

This appendix co il iini a gonoral di: ■ us ilon c'!' th< computoi pn gram 

utilizcxl foi onalyaii  ol tl    varioun propulclon conflgurotion! overthc 

n ir..-;'j.; j n 'i!-. (inJ o it]   ' 0.-\<\ th* • * :> rui th<  moot import     I cases, 

Math models foi lh( Kurbinci , propellci ■• di tg, electric motors und 

generators nnd electric<il trai smission lines which were Incorpo atod Into 

tv;(. compute! progran ere detailed i;; Appendix A. 

Elccirw. drive Byetcm losses were analyted based on thQ motori 

goneratoi and trans miss icm line ;   >del8<   c;( > red drives Mere analy: ed by 

assuming •  fixi d 9^ ir efficiency foi the main re üuctlon ge<   s and si afting 

lo^se        and a fixed efficiency 1     the cro     ivcr allem Lews      ami turbine 

h<v8epow< : rcq lire '  it ( '• sp < '      ' eb   ;    ■' ■' ':'  ' "- shaft 1.'•:■•' 

p /.   tl  !/   \ 10 r-i"   '■'      .'• 

Cooling load co    I bj     I 01 stii    ;   I (   02 I ■• of si ip 

',..- ;. .   lo d 1 .. hp 1 . the b    •  ■. «JSU  . •■ :■ ■   >d '; I Ibs/l • I  •.. ia 

■■■.'. .... the- ship seivia ■•■''..'   .   1      v iwA ite.   : Lhi        ■ : •'   .' 

(1) ('.DGn ( ffici iic;/ was used in th<   study . 

0.980 cfficionc) per alternator, 01 0.9fc0 t« the paii was used. 

c- 1 
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;'V:;1( i ■'■' I '•'•' ol powoi  • la ackk d foi (;ucl! gonotator In pu for lulyicatlon 

pimp pcmr«; (    to lul     ■ ttlon waa assumod to be <:n ecu- j trado-oO foi tht 

wain red id       gesar J ib • load).   Constant helium comprousoi powers \fon 

(i' use» Ihi 0 KJII the electtii   ! driv«  misj i WIB   ' . 

(it ]r)<' ' "  - ■ ti tin   .■ ' '     ; only; 110 km foj i. in and cruise 
turbi ric confi     ••<■.'■      •. 
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C,2    COMPUTER PR« XMI-MVI 

Tlu' liuit!1 ;.,   !•• I ooraput« ; program oonslttt oi a n^iin proorani und four 

r.ub: r< . i..i.-.s: 

PITCH 

GENI^l 

MISSN 

ROUND 

The fun tion of < acli la aa follo%»r8j 

Willi Piogi   ■ 

Reads calculation litnlti and p rforinanc    (sp^ad and oonffouration) 

Obtains fu« I rate !'■  m ! ITCH fot given pitch ratiOt 

Optii;.! •    pitchi  li !.;''-!') i'. not flxedi by a search prosedurei 

fuel rdti   ;:, obtain   I from PITCH foi eoch pitcb ratio until mini mxxr. 

fuel is obtained.    ' our dlff i •. ... . ; ice ;i;r c fire utillKC« I: 

Pibonacci setirch for mini  . • •  fu 1 [us<*d for electric drive ). 

intorva' »«     h for nüiiimui   fuo! (tu    I for geared drive. 1 

Interval 8<   rch for fuel rat«   oquvil to turbine idle rate (used 

for geared drive under   low powci condilion)« 

Pltchii fixed for «loclric drives when fuel rat«  drops bei ;ic»> 

ll:<   Idle r.ili 

C- ■' 
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InoreasM nuniber of ludilm K when tho fuel mtc eKoeachi tho 

MUctmun nllov.cd with th«. ntlstinB confifjuralion. 

When cnilte tiirblnei circ mid, coinparc;; results for Main turlnncj; 

mi;! n:,r ■ iho most i fflclontt 

Cnlcul it«i <inc] prints ÜMI mmilti ff'r Mck ipnndt 

Pnttet fin<tl rmili foi onch ipend to MISSN nnd calli for lummary 

when latt spec«; is r—Ch>d (last spood for which Ulfbint conngur.i- 

tion cporificd can rTttnin retttltl v/ithin nllowed fuel cincl turbiiio 

speed limitationr.). 

K—da nt w performanoa raquiram^flfti whan cummory la complfto. 

Raada in now or ohanQad kpccificaUon düt.i (gear ratioti alectric 

co n c i 11 J lr-,  et c.) wl; (; 11 c -J 11 • ••• I fo f. 

riTCH Subprogram 

Roads propall« r and dra^ constants. 

Tot goarad drive, roads y M r.itior;, afflcioncios and turbti* 

oonsl mts« 

ii'f 11« cfrie drivoi roads RKitor oonstants and Iran inissioa lln 

rosistanoas. 

CkMnputcs dreq, piopoUof and tuffMno charaotartstics. 

Computos tutbiii • fuel vjh n supplied wttfa propeller pilch from 

MAIN (calculated directly lor goarad drive; lor electric drive! 

C-4 



Motor/prop« ii' r ■ pctii and torqm: ntv oowputed, voHcKjr.s and 

ourrenla are computed and roqulred genarator volta«« and current 

ara pataad to GCNM. which raturna html rale). 

GFNM Subproctratn (used fot electric drive only) 

Rcadc gencratoi and turbine oonstanta. 

Ck^nqmtai lurblne ldl< charactarlatica. 

Conqmtai fuel rata arhon aupplled with generator voltava and 

curr< m. 

..    if aiagnet field is not fixed, the optlmttui turUnc speed Ii 

computed ami the fli Id li adjuated to match this field. 

if tho Hold la fixed) tba oorreapomKng ipeed and fiu I rate 

aia con putcd. 

tuel drops below tlw nlnlrouin turbine (Idle) rued;, te. tha 

rrkign« iru a i? ■ r< •".. ■. •; until fu< ] rate cquali  Idle unl •n 

no field cli mgc i:; allowed. 

'''' O»** the refult If tnitxlmum turblm  speed is exceeded or fuel 

'■|:   >■  above   • txstov; the allowal le fuel rate, 

MISSN Subpronrdra 

Rcada mission praAle tpcrcent time al each speecQ. 

Receives ship bpoed! luH^lne oonflgurattoni peopellei ipeodi 

horsepower (turbine, ahaft aiH eff« ctlve), pitch ratio, affi ctiva 

C-S 
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BMT ratio,  lurblno iv.c] inte,  turbine figuro of merit, rcfricjercjtion 

loid cind Inb-ic.ition locd from I'JTCH. 

Scit'cts WBIUBI oorrespondinQ to •mallett fuel mte when nori 

than tv^o srl'-- of data arc roceivr-i at the Süim- Epeod. 

Computes milec/ton of turbina fueli ond,  per thousand hourt; 

inib.-s, tona of fuel and total propulalon ■ystem (turbine:, j,ius 

electric system lond) tons/inilo.   Prints rosults for cp.;h r.pcrd. 

Computes and prints tiverago results over mission profile. 

Colls ROUND to round results to specified nccutcicy before- 

printing. 

ROUND Sübpfot'fi! m 

Roundi data to accuracy called for in Input«   Per example, if 

4-plncc accuracy la specified, 35€93«] baoomei 35C90.0; 

21,21tS beoomca 21.2200| ate. 

Ptooram VHI tables 

The proQram K;:  th< following varidbloi  as inp'1'::,  infirj): ndcnl of 

lh<   apeciiic oonfigu itlon bei   .; InvestiQotcd; 

Overall Ltmtts 

Required accuracy In fuel rate. 

Required accuracy in P/D ratio. 

Numl-er of iu rations allowed In seoroh foi mtnlnittni fuot. 

Maxlanun allo%wiblc P/Drato. 

C-() 



I)r in Calculations 

I Prog OOCfflcienU  (Clin, V   and C;  ) 
J H)       X ■ 

PfDPelliM's 

PropellM dlametM 

Water density 

I   llirurt ro--frioiriitR (TUl,  TQJ,   BtC.J 

7 torque coefficients (QQ|,   QQV-  CtC.J 

Turbinea (Main and Cndte) 

4 Turbine fuel corisUiüts (\V,, W,. W.  and WJ. 
12 6 h 

Minimum fue-l rates. 

Maximum fuo! uites. 

Maximum rpms. 

Geared Drive 

Main gear ratio 

Cntlte qear ratio 

Ci' ar efflcii ncy 

Altcrnatoi t Fflclency 

Electric Drtvc 

RcfrlQeration ponirar requirement» 

Lubrioation poorer requlreweiiti 

Magnet field (fixed or vartatde) 

C-7 
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i; 

r> Motor ooMtantt 0■.,,.., K, , ., |L_-, K.. Mid KM) 
1 M      JJvl      VM      M .M 

S Gonimü^r corisl>inL:; (K._,  K1V.. i:     , K,. oncl R^,) 
l (J       Ji.i       VVJI       ii G 

(both crult« <'IIK1 in.iin) 

7 RsstttancM BUand IL.. - P.nr) 

MisBlon Pioflle 

Pcrct'iil time iit each speed 

Tor ccich confiyumtion run,  the following vnrinbles arc input; 

Sjgeed 

MinirriUiri speed. 

Moximufi: speed. 

iMremenU in speed (betwcfn minimum and maximum .speeds 

r-pecifi."]). 

Mlfllmufl) number of turbiner-; iind type. 

Maximinn number ol turbiaet and type. 

Odd numb« i of turtrfnei allowed or not allowed (i.e., croGsovcr 

er no cr0S8OV< r) 

P/D ratio (fixed or vorteMe). 

Percenl moynnt field 'fixed or vorioble) (rdectric drive only). 

Numlx r el difjit.«; .iceuroey desirud in final printout. 

MeQnet lleld odjustment allowed or ix-t allowed (electtio   driv^ 

only). 

—^—»~—■— -—— ^—.——_.—     —.—„_—. 



T 
I 
I in addition) 

A punch eord rfcord of rosults for Cdc-h speed may bo colled ior.^ 

Step by rt p dctatta of each scirdi procedure nay be called for. 

The search colculotion nindo mny be okanQed (between Fibonücci 

and Interval search). 

" 

(1) Cards ray be used .is input to cm cxislirc) ir.issjon onalysli program whicli 
gives detail! of perforaanee ol fach system component at each speed 
and mey IJC run over different mission profiles. 

C-0 



n c.3   oounrrcRRESULTS 

fhti Mctlon oonlainfl PMiilti of the oomputer runs for various 

conftouratlons and vartations. 

Included ares 

Kogram oonstante used la Ihe gMred f'rivc tytteini 

plel. Ko. 103). 

Prooram constants vscd (or the electric drive systems 

(ixiseHnc confiourntion,  rcf. no.  1; reconfigured engine room, 

(1) 
re f. no. 2 and optimum configuration     , ref. no. 3). 

Rropeller performance! ehlp dreg end mlsilon prafllet 

(2) 
Mlsalon profile Bummerles     for the Mtellnei beaellne 

+ nhernatorSi baseline i cruise turbinet and heeellne 

+ elternaiort and cruise turblnei conflguretloos« 

Mission profile Buromerlea for the electric drive systems 

(i.'-ir.e]inc configuration, reconflgwed engine room for the systems 

with and wlthoul cruise turbines and optimum eonfiguretton for 

the system with cruise turbines. 

(1) Cruise turbines aovod to engine room, 

(2) "RANGE*1 I« the range based on turbine fuel rale eely; "TONS OF fUEl 
AND TONS PER MD.l:" Include the In^iacl of cooling, lube system and 
helium compressor loads,   'SPEED RATIO" lu the ratio of turbtoe speed 
t«. propcUc.i rpms,   •REF, NO." refers to the progrem constants. 

(;-io 
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D 
i. 

i 

lltstton home Bumnartei (01 the 0Mrad und clccuic con- 

BpmttiQIlt with v.uiablc (fully optimized) pitflbM. 

Mission Profils Bumiuarlef for the •laetrh diivc baseline 

0onfi9Uratl(Hlf witli liu- goni.r.itci  fields fi;:i.d (nt 90'/.),  fixed to 

the nearest 10%and fixed at "opthnuT." iettlnBa. 

Mission hofile Summariea for each turbtnfl (1 crui.'-e,  2 cruise, 

] müin:  etc.) for the baseline configuration electric drive; 

included for these siunmarles is u second page for each giving 

detail:- of propoll-i,  turbine end drive efficiencies,  percent 

magnet field, voltages and currents. 

(l) f;o';' for cruise turbtnes 
C07, for one main turbine 
7i>'/, for two main :url)toes 
99% for tfaroo and four main turbines 

n-i] 
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\.     I_nl roduct Ion 

At the request of Bradford Computer and Systems, Inc. (1^ July ID?**, 

C-2870)M. Rosenblatt (. Son, Inc. w,-ic, to conduct a study, ciL a feasibility 

level, of modifying tlie propulsion system of n modern type destroyer in 

order to obtain a higher fuel efficiency during cruising and low speed 

ope rat ions. 

Baseline information as to the system configuration for each modifi- 

cation was based on Information furnished by Bradford.  In those instances 

where information was not directly applicable to the propulsion systems 

under study, new definitions of equipment configuration were engineered or 

estimated.  This work involved ascertaining equipment characteristics of 

possible candidate systems and Investigating the feasibility of integrating 

each system into the configuration of a modern type destroyer. 

In order to demonstrate the feasibility of adding new equipment to 

typical modern destroyer type ships, in conjunction with the study of the 

comparative performance of high eflic.icncy ship propulsion systems, four 

arrangement drawings have been prepared.  Each drawing shows the modifications 

to both forward and after engine rooms to accommodate the required equipment 

for each proposed propulsion system.  The propulsion configuration of an 

existing destroyer type (1)09.63) was used as a baseline for the equipment 

arrangements in order to provide a real life basis for the study.  Ihe base- 

line propulsion system consists of four LM-2500 gas turbines (80,000 HP total), 

mechanically geared to two i lependnnt shafts ('lO.OOO HP each) and is considered 

representative of modern destroyer type ships.  The four possible modifica- 

tions to this baseline system are summarized as follows: 

1.1 Drawing No. 2870-01 shows the addition of two $000 HP gas turbines, 

one to each engine room, to provide the capability foi reduced power 
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cruising. Eoch now f)t-is turbine i-^ mechünlcal ly coupled to the 

existing nioin propulsion gcnr. 

1.2 Drawing No.2870-02 shows the aclrlition of a   10,000 III' alternator 

and itr. associated equipireint to each engine room, to permit a single 

propulsion turbine to drive both shafts via an electrical crossover 

between port and starboard propulsion systems.  During crossover 

operation, one alternator will be driven as a synchronous motor by 

the other alternator. 

1.3 Drawing No.2870-03 shows the substitution of superconducting electric 

propulsion equipment for the existing mechanical reduction gearing, 

while retaining the existing machinery arrangement.  This modifica- 

tion provides the main propulsion system with the capability of 

accepting connections to external 5000 HP cruise turbines and an 

electrical crossover connection, both of which provide for cruising 

at reduced power levels. 

l.'t Drawing No^OyO-O'* shows the substitution of superconducting elec- 

tric propulsion equipment for mechanical reduction gearing, as 

above, except that the existing machinery configuration has been 

optimized by elevating the propulsion gas turbines to reduce intake 

and exhaust ducting and by locating the propulsion motors aft to 

reduce shaft length. 

2. General 

All four enfjino room arrangement drawings show equipment currently 

under development.  The arrangemenls shown are based on preliminary infor- 

mation and are, of course, subject to change as a result of future design 

developments and ns additional Information is made available.  Engineering 
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judgement was often required in ill lowing for service access and interface 

rcqui rements. 

Of the four engine room arrangements outlined in the introduction, 

those showing the addition of high performance alternators and supercon- 

ducting machinery \K'.\'C.  been based on data previously developed through 

prior propulsion studies primarily for a SWATH type ship, and additional 

information furnished by Bradford Computer and Sy?tems, Inc. 

Although there is a convenient similarity between the SWATH propulsion 

plant and that of the destroyer chosen as typical of modern destroyer types, 

(twin screw, 80,000 sub total), some modification of the SWATH propulsion 

plant was necessary for installation in the destroyer type hull. The SWATH 

was provided with a large single engine room contairrinq both port and star- 

board propulsion plants. Many of the services for the superconducting 

machinery on both plants (i.e. helium, coolanol, etc.) had a common source. 

Destroyers, on the other hand, are usually provided with two separate 

engine rooms, each intended to Le as independent as is practical from the 

other.  Thus, in the destroyer arrangement drawings, several of the SWATH 

systems have been modified to provide independent superconducting machinery 

support systems, such as helium and coolanol systems for each engine room, 

as shown in Figure 2-1.  in addition, motor and generator bearing lube 

oil requirements have been provided from the existing main lube oil system, 

in lieu of providing each new machine with its own Individual lube oil 

system, as was shown For the SWATH study. 
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3.1  Addition of Cjrujse Ttirbinoc, (Drawing No. 2870-01)    .   - *■ 

The cruirc tin bine size shown was based on available informa- 

tion for modern marine gas turbines of approximately 5000 IIP, Tbc 

space shown will accommodate the Garrctl GTPFSSiO engine, currently 

under development for the U.S. Navy. The cruise turbine output is 

mechanically coupled through angle gearing to the existing main 

reduction gear which must be modified to accept the cruise turbine 

input shaft. 

Other modifications necessary to accept the cruise turbine, 

its gearing and its ductwork are as follows: 

a. The shaft turning gear was relocated to the opposite side 

of the reduction gear. 

b. The main lube oil cooler was relocated to the f-S"   level, 

alongside the main reduction gear. 

c. Vertical ladders between the 2'(l-0" level and the IS'-O" 

level were relocated.  In the forward engine room, this 

relocation placed the new vertical ladder close to the 

auxiliary boiler which normally would present a hazard to 

personnel.  However, upgrading the boiler insulation in 

accordance with the recommendations o" current Navy studies 

should eliminate any hazards due to heal from the boiler. 

d. The machinery platform at the 15,_0" level was extended 

to provide a turbine and gear service aisle. 

e. The auxiliary boiler exhaust duct was modified by the 

addition of a transition piece (f.om a circular to a 

.])■ g 
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rectangular dud cross-section) to permit the new cruise 

turbine exhaust duel to bo run utulor the existing boiler 

exhaust duct.  In the aft engine room, the existing ship 

service generator intake duct was also re-routed to clear 

the new cruise turbine angle gearing, 

f.  Sever.il power panels, lighting ponds, storting air flasks 

(forward engine room), and fire-fighting cylinders and 

hose reels were relocated to suit the new arrangements and 

ductwork. 

3.2 Addition o f _C rossover Alternators (nrawing No. 2870-02)_ 

The alternator si?c shown, and the service requirements for 

this alternator were estimated from existing machine data and from 

data on other alternator sizes supplied by Bradford Computer and 

Systems, Inc.  The data used i;; preparing this arrangement is summa- 

rized in Table 3"1•  Transmission line cooling was not considered 

necessary as it was assumed that the alternator would be arranged 

to operate at a higher voltage rating than thu acyclic machines 

used in the SV/ATII study and that output currents could be trans- 

mitted via normally installed Mavy IJKVTSGA cable. 

The alternator is mounted alongside the existing reduction 

gear and mechanically coupled via a new transfer gear and a modi- 

fication to the existing reduction gear.  Few other modifications 

to the existing engine room arrangement are required to accommodate 

the new equipment.  These modifications consist mainly of relocating 

ci few minor items (air starting flasks, fire fighting hose reels 

ant! cylinders, etc.) and modifying existing gratings as shown on 

the drawing. 
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3. 3 Subs 1 1 tut Ion o f Siipcrconduclinn Electric Propulsion, Exislirui 

E ti o! ne Roorn^ Confi (jurat i on (Drnwing Mo. 2870-03) 

In this confifiuration i  superconducting electric propulsion 

system similar to that planned for the SWATH is substituted for 

thc existing main reduction gear in each engine room.  One 20,000 

HP propulsion generator is direct coupled to dich propulsion gas 

turbine and one 'iO.OOO HP propulsion motor is direct coupled to 

each propulsion shaft. 

The controllable pitch propeller (CRP) is locked into a fixed 

position and the CRP hydraulic system is removed. Alternately, 

the CRP could be replaced by a fixed pitch propeller, however the 

change in efficiency is considered to be small. The difference in 

weight between the CRP and a fixed pitch propeller was not esti- 

mated. 

The existing reduction gear lube oil system is retained to 

provide bearing lube oil to the new equipment.  The existing gear 

driven lube oil pump is replaced by an additional motor driven 

lube oil pump.  The existing main lube oil cooler is retained and 

relocated to the T-b"   level to provide space for the new coolanol 

system.  The existing thrust bearl^-j is replaced by a new pedestal 

type thrust bearing at the after bulkhead in each engine room. 

The new helium and coolanol systems are installed mostly on 

the lli'-O" level which has been extended into the space formerly 

occupied by the main reduction gear.  A new uninterrupted power 

supply (UPS) power panel and automatic bus transfer switch (ABT) a;e 

also Installed on the IS'-O" level. Generator disconnect and 

I i 
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crossover switches arc located at the 2V-0" level except for the 

forward engine room, where the crossover switch is located at the 

lii'-O"  level. 

With  the exception  of   the  air starting  flasks   in   the   forward 

engine   room,  almost no other  modifications are   required   to  the 

existing engine   room equipment. 

The 5000 HP cruise   turbine,   if used,  can  be modularized as 

shown   in  Figure  3.1   and   installed on  top of  the deck  house  adjacent 

to  the machinery  casing as   shown   in  Figure  3.2.     Electrical   trans- 

mission   lines and service   piping v/i 11   be  run within   the  machinery 

casing between  the  cruise   turbine module and  the engine   room with 

disconnect devices   in  the  engine   room  in  the event  of damage  to  the 

module.     Separate disconnect   devices are also provided   in  each 

engine   room to   isolate   the  electrical   cross-connect  between  engine 

rooms   in  the event of damage.      It  should be noted   that   the  cruise 

turbine module  can be easily   installed within  a  standard   8lx8lx20l 

shipping container. 

3. k     Substi tuU on of Superconducting  Electric Propulsion,   Reconfigured 

Engine  Roorn   (Drawing  Mo.   287O-0ii) 

This fiiorli f ication requires that the existing main reduction 

gear be replaced by superconducting electric propulsion, as does 

the previous modification. However, in this case an attempt is 

rnade to optimize the engine room arrangement by raising the main 

propulsion turbines and by relocating the main propulsion motors 

aft   into the  shaft alley  area. 

In   this  arrangement   the  propulsion gas   turbines  and   the 
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20,000 HP propulsion generators are moved up onto the ?.V-0" level. 

In addition, the P.V-O" level is extended from the center line to 

the shell to fill in the area formerly occupied by the gas turbine, 

ductwork.  The generator cryosecti.onr. are located in the overhead 

of the IS'-T' level, directly under the propulsion generators. 

The IS'-O" level is also extended from the centerline area to 

the shell.  The helium and coolanol systems and the 20.000 HP 

generator disconnect switches are located on this level.  The CRP 

system is locked in a fixed position as in the last arrangement 

(Section 3.3) and the existing attached lube oil pump is replaced 

by a new electrically driven lube oil pump. ,The main lube oil 

cooler is relocated to the y-G" level. 

In this arrangement the existing lube oil storage and settling 

tanks are relocated from the 2V-0" level to the ID'O" level while 

the electronics cabinets on the 15'-0" level are moved to the 2V-0" 

level.  This is to provide the inboard propulsion gas turbine on the 

2V-0" level with a service access aisle. Several power panels, the 

fuel oil service heaters (aft engine room) and an air filter (forward 

engine room) were also relocated as part of this change. 

With the 15'-0" level extended from the centerline area to the 

shell, there is no longer a need for two vertical access ladders 

and one of the ladders is eliminated In each engine room.  It was 

necessary to relocate various fire fighting hose reels and cylinders, 

air starting cylinders (forward engine room) and vertical ladders 

from the IS'-O" level to the V'G" level (forward engine room) and 

from the 15' -0" level to the 7' -6" level (forward engine room). 
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The location of the 5000 HP cruise turbines is as shown in 

Figure 3-2-  Only one crossover switch- is provided in the aft 

engine room, since both electric transmission lines must pass 

through this space. 

The location of the propulsion motors is shown in figure 

3.3-  The propulsion motors, In this location, appear to displace 

the shaft alley sewage treatment plant.  However, the displaced 

equipment can be relocated to the space gained under the main 

propulsion turbines in one of the engine rooms. No attempt has 

been made at this time to optimize the shaft angles or relocate 

the shaft tubes. Additional studies are required into the ser- 

viceability of the propulsion motors in the location shown and 

into the possibility of providing a third set of helium-coolanol- 

lube oil service equipment in lieu of piping these services aft 

from the engine rooms. 

•• 

k.   Estimate of V/cight Changes 

Tables 'M, ^-2, 'i-3 lists the equipment removed and added as a 

result of the modifications in Section 3 and the estimated weights for 

the various equipment.  In many case-,, weights and sizes shown have been 

estimated from available information on equipment, that is currently 

under development.  Due to the preliminary nature of much of the avail- 

able information, no attempt was made to estimate changer, in structural 

weights or changes in various ship systems caused by these modifications, 
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TAU 1.1   'i  -1 

SUMMARY  OF WEIGHT  CHANGES 

AHO III Oll  OF  CRUISE  TUKIillll. 

LINE 

1. 5,000 hp Gas Turbine 

2. Transfer Gear L  Clutch 

UN IT     UN IT 
QTY   WT (ins)   sm: 

2 

2 

TOTAL 

TOTAL 
WEIGHT 

5,000    Vxi/xlO'  10,(100 lbs 

6,000    VxVxV 
fc^xi.'/'i.!;1  12,000 

22,000 lbs 

NOTES 

1. Above quantities include equipment for both forward and 
aft encjine rooms, 

2. There is no equipment removed as a result of this modification. 

3. Additional omitted weights: 

a. Modification to main reduction gcctr 
b. Ductwork and new service piping cind cables 

for new cruise turbine 

1C 

D- / 
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TABLE l\ -  2 

SUMMARY OF WEIGHT CHANGES 

ADDITION OF CROSSOVER ALTERNATOR 

1 

LINE 

1. 10,000 hp AIternator 

2. Transfer  Gear 

3- Service  Module 

UN IT 
QTY WT   (LBS) 

2 

2 

2 

TOTAL 

11,000 

12,000 

1.500 

UNIT 
SIZE 

3'   0x6' 

0,xC,x3l 

TOTAL 
WEIGHT 

22,000 lbs 

2^,000 

3,000 

^9,000 lbs 

I 

: 

.1 

NOTES 

1. Above quantities   include equipment   for  both  forward and aft 
engine   rooms. 

2. There   is   no equipment   removed as a   result  of   this modification, 

3. Weight  added  as  a   result of modification   to existing main 
reduction  gear   is  omitted. 

17 
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TABU; 'I - 3 

SUMMARY Or WEIGHT CHANGES 

SUPERCONDUCTIMO ELECTRIC PROPULSION 
- EX 1ST 11 IG ENGINE  ROOM CONFIGÜRATI ON 

LINE NOS. ITEM 

1  - 10 Fwd and  Aft   Engine Rooms - Weicihts   Removed 

11   - 37 Aft   Engine   Room -  Weights  Added 

38 - 6'i Fwd  Engine  Room - Weights Added 

65 Crossover  Between  Engine Rooms  -  Welphts Added 

TOTAL CHANGE   IN  WEIGHT 

WEIGHT 
CHANGE   IN  LBS 

(390,000) 

223,023 

22^66'i 

9,360 

67,0^7 

NOTES 

j 

3. 

Quantities   for  equipment   removed  includes   equipment   In 
both  forward  nnd aft encjine  rooms. 

Weicihts   for   CRP   hydraulic and Coolanol   Systems considered 
to he even,  exxhange except   for new coolanol   heat  exchanges. 

Additional   study   is  required  to conf i rm whether or not   the  high 
impedance  element   (25,000   lbs.)   is  required. 

10 J) - z / 
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TABLE  '1-3.1 

FWD  C AIT  EMGINE   ROOM V/CIGIITS  REMOVED 

SUPERCOHDUCTtNG ELECTRIC PROPULSION 

ujjr_ 

1. 

2. 

3. 

k. 

5. 

6. 

7. 

8. 

9- 

10. 

-EXISTING EMGINE ROOM CONFIGURATION 

UNIT UN 1T TOTAL 
ITEM QTY WT (LBS) SIZE WEIGHT (LBS) 

Main Reduction Gear 7. 170,000 3'l0,000 

High Impedance Element 
(Sec Note 3) 

2 35.000 50,000 

Attached Mn L.O. Pump (Included in 1 irm 1) 

"   CRP Myd Pump 11    11  11 11 • 

"   Oil Dist. Box 11    11  n n 

"   Shaft Turn Gear 11    n  11 11 

Control -Shaft Turn Gear (Mi so.) 

CRP Head Tank (See Note 2) 

CRP Sump Tank 11 11   n 

CRP Hydr. Module n 11   11 

TOTAL  REMOVED (390,000) 

/ 

" 

19 1)      7    7 
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TAHI.L  ^l  -   3.1 

AFT ENGINE IIOOM WEIGHTS ADDED 

I 
SUPERCONDUCTING  ELECTRIC PROPULSION 
-EXISTING  ENGINE  ROOM CONFIGURATION 

UNIT UNIT TOTAL 
1. iM    IM       QTY        WT  (LBS) SIZE WEIGHT   (LBS) 

11. Coolanol  Pump   (20hp) 2 (See Note  2) 

12. Cont   -Coolanol   Pump 2   

13- Cooltinol   Surge  Tank 1 "       'l       << 

I'l. Coolanol   Filler 1 u       n       n 

15. Coolcinol  Heol   Exchanger 1 'i.OOO 1.5'   0x12' k OüC 

16. Thrust Bearing 1 ]2,     1 3.8,   DxV 12,000 

17. L.O.   SVC Pump   (50hp) 1 1,000 1,000 

18. Con^   -L.O,   SVC  Purnp   (2  spd) 1 90 50 

19. Auto Bus Transfer SW 1 350 O.S^.^' 350 

20. Power panel 1 38O 2,xl,x3.5, 380 

21. Uninterrupted Power Supply 1 1,275 2.7,x2•x3, 1,275 

22. Propulsion Motor (^0 K hp) 1 136,500 6.5' 0x11.7' 136,500 

23. Propulsion Generators 

(70 K hp)  2      10,500  3.2' Dx^.2'   21,000 

2'».   Exciters 3 375  I'x2'x3.5' 1,125 

25. Gen. Polarity £ Discon.    2       5,100  3.7'xVx5.8l   10,200 

26. Transmission Lines: 

27. Generator 

28. Motor 

29. Helium Compressors 

30. Cryoseclions 

31. Cryo lines 

32. Crossover Swi tch 

33. Transmission Line 

20 

2,027 

3,008 

2       3,250 2.6' 0x7.8' 6,500 

'•       933 2.0' 0x5' 3,732 

2'i3 

SUB-TOTAL 203.^O 

1       1,300 2,x?.7'x3.8, 1.300 

SUB-TOTAL 
l,58'i 

2,88'i 

-         -   -      - ■ - " ■———   — -  -       ■■   -        - ■ ■ ' — 



TABLE Ji .^J_._l_ 

An  ENGINf   ROOM WlEIGHTS ADDED 

SUPERCONDUCTING  ELECTRIC PROPULSION 

:.!;.x's 1!';(' _ENG iNE ROOM coiIF I"GURATION 

UjiE     ITEM  

3'i.        Cruise Turbine  Module 

QTY 

a. 5,000 hp Gos  Turbine 1 

b. 5,000 hp Generator 

c. Cryoscction i 

d. Exci ter ] 

e. Conldiner Structure. 1 

35- Transmission line 

36. Cryoline 

37» Gen.   Polarity  f.  Dibconnect 
Sv/itch 1 

UNIT 
WT  (LBS) 

5,000 

3,850 

933 

375 

3,500 

UNIT 
SIZE 

8,x8,x20 

SUB-TOTAL 

TOTAL,  AFT ENGINE   ROOM 

TOTAL 
WEIGHT   (LBS) 

5,000 

3,850 

933 

375 

3,500 

1,813 

138 

1.100   2,x2.5,x3.5,  1,100 

16.709 

223.023 

21 
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TABLE jj - 3.2 

FWD CNGINE ROOM WEIGHTS ADDED 

SUPERCONDUCTING ELECTRIC PROPULSION 
-EXISTIMr7 ENGINE ROOM CONFIGURATION 

LINE 

38. 

39- 

40. 

k}. 

k2. 

A3. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

ITEM 

57. 

58. 

59. 

60. 

Coolanol Pump (20hp) 

Cont -Coolanol Pump 

Coolanol Surge Tank 

Coolanol Hltcr 

Coolanol Heat Exchanger 

Thrust Bearing 

L.O. SVC Pump (50 hp) 

Cont -L.O. SVC Pump (2 spd) 1 

Auto Bus Transfer SW      1 

Power Panel ] 

Uninterrupted Power  Supply     1 

Propulsion Motor   (40 K hp)     1 

Propulsion  Generators 
(70 K hp)  2 

QTY 

2 

2 

1 

1 

1 

1 

1 

Exci ters 

Gen. Polarity 6 Discon. 

Transmission Lines; 

Generator 

Motor 

Hel i urn Compressors 

Cryosectlons 

Cryolines 

Crossover Swi tch 

Transmission Line 

3 

2 

2 

4 

UNIT      UNIT 
WT (LBS)     SIZE 

(See Note 2) 

ii      n      n 

M II II 

II II II 

TOTAL 
WEIGHT (LBS) 

4,000 1.5' 0x12' 4,000 

12,000 3.8' 0x4' 12,000 

1,000 1,000 

30 90 

350 O^'x?.^' 350 

380 2lx^x3.5, 380 

1.275 2.7,x2,x5, 1,275 

136,500 6.5' Dxll.7' 136,500 

10,500 3.2' 0x4.2' 21,000 

375 \'x2,x3.b' 1,125 

5,100 3.7,x4'x5.8' 10,200 

3,250 

933 

SUB-TOTAL 

1       1,300 

SUB-TOTAL 
•jo 

J) • J 6 

2.6' 0x7.8' 

2.0' 0x5' 

2,152 

3,008 

6,500 

3,732 

232 

2'x2.7'xl.8' 

203.') Mi 

1,300 

 360 
1,660 
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TABLE 'i - 3.?- 

rwi) !miitir ROOM WHIGHTS ADDCD 

suPERConnucT\m ri.rCTRIC PROPULSIOU 
-EX I ST I fid i'UG I HE  RÜÜM COMFI GURAT I ON 

UNIT UN 1T TOTAL 
LINE ITEM 

Cruise Turbine Module 

OTY WT (LDS) SIZE 

B'xö'xP.Ü1 

WEIGHT (LBS) 

61. 

a. ^,000 hp G.-is Turbine 5,000 5,000 

b. 5,000 hp Gencrntor 3,850 3,850 

c. Cryo5.e(..l ion 933 933 

d. Excilei 375 375 

e. Container Structure 3,500 3,500 

62. Transmission Line Ml8 

63- Cryolinc 18'. 

6/.. Gen. Polarity t   Disconnect 
1,100 2lx2,5,x3.5l     1,100 

SUB-TOTAL 18,960 

11 

TOTAL,   FWD  ENGINE  ROOM 

TABLE  ^  -  3-3 

22^,06^ 

LINE 

SUPERCCI.'DUCTI NG ELECJ RI C  PROPULSION 
-EX I S'l! NG" ENGINE "ROOM CON F I GURAT I ON 

ITEM 

65.  Transmission Line 

UN IT      UN IT 
OTY   ITT (LBS)     SIZE 

TOTAL 
WEIGHT (LBS) 

9,360 

TOTAL 9.360 

Bk^. 

23 
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! 
TABU  fj - ^t 

SUMMARY  OH WEIGfIT  CHANGES 

. 

• 

ITEM NOS. 

1   - 11 

12  - 39 

^0 - 58 

59 - 62 

NOTES 

1. 

SUPFKCOUüUCTING ELECTRIC PROPULSION 
 r^cüiTi'-liiiJKED EHGTIJE ROOM 

OCATION 

Fwd and Aft Engine Rooms - Weights Removed 

Aft Engine Room - Weights AcldccJ 

Fwd Engine Room -- V/eights Added 

Propulsion Motor Space - Weights Added 

TOTAL CHANGE IN WEIGHT 

WEIGHT 
CHANGE 111 LBS 

(538.200) 

74,620 

86,667 

301,'(82 

(75,431) 

2. 

3. 

Quantities for equipment removed included equipment in 

Loth forward and eTL engine rooms. 

Weights for CRP hydraulic and Coolanol Systems considered 
to be even exchange except for new coolanol heat exchanges. 

Additional study is required to confirm that: high Impedance 

element can be removed. 

• 

::>,   -  P'J'7 
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. 
LINE 

1. 

2. 

3. 

A. 

5- 

6. 

7. 

8. 

9- 

10. 

11. 

TABLE h ~  'i-l 

fWl)  £ AFT FÜG INF.  ROOM WEIGHTS  REMOVED      - 

SLIPI:RCOIIOUCTI tU-L ELEC1 RIC  PROPULS ION 
ROOM •RECONFIGURED  ENG! 

ITEM 

Hain Reduction Gear 

High Impedance Element 
(See Note 3) 

Attached Hn  L.O. Pump 

CRP Hyd Pump 

Oil Dist. Box 

Shaft Turn Gear 

Control -Shaft Turn Gear 

CRP Head Tank 

CRP Sump Tank 

CRP Hydi. Module 

Main Propulsion Shafting 

UNIT 

QTY   WT (LBS) 

UNIT 
5I7E 

?. 

2 

170,000 

25,000 

(included in 1i ne l) 

(Misc.) 

(See Note 2) 

ii ii 

650 lb/ft 

ii H 

II II 

TOTAL 
WEIGHT (LBS) 

3'io,oon 

50,000 

228,xl8, 11)8,200 

538,200 

J>.   Jit 
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TAjiUjl  -  'l-'^- 

AFT ENGINE   ROOM_WEIGHTS ADDED 

SUPERCONDUCJIJiG  r.I.ECTKIC  PROPULSION 
— TRECOUfl CURED  ENG INE  RÜOH 

LINE 

1?.. 

13- 

l'i. 

15. 

16. 

17. 

18. 

15. 

20 

21. 

22. 

23. 

2'i. 

25. 

2C. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

ITEM QJY 

2 

2 

1 

UNIT 
WT   (LBS) 

1 

Coolanol   Pump   (80  lip) 

ContCoolnnol   Pump 

Coolaitol   Surge li.m\: 

Coolanol Filler 

Coolanol Heat Exchanger 

(Not used) 

L.O. SVC Pump (50 hp) 

Cont -L.O. SVC Pump (2SP0)  1 

Auto Bus Transfer SW      1 

Power Panel 1 

Uninterrupted Power Supply 1 

(Not used) 

1 

(See Note 2) 

(Sec Note 2) 

(See Note 2) 

(See Note 2) 

'4,000 

1,000 

90 

350 

380 

1,275 

Propulsion Genera tors 
(70K hp) 

Exci ters 

Gen. Polar!ty & Discon 

Transmission Lines: 

Generator 

Motor 

(Not used) 

Helium Compressors 

Cryoscclions 

Cryulines 

2 

2 

2 

10,500 

375 

5,ioo 

2 

2 

3.250 

933 

26 

SUI5T0TAL 

UNIT 
SIZE 

TOTAL 
WEIGHT (LBS) 

1.5' 0x12' 

0.8,x2lx3' 

2,xrx3.5' 

2.7'x2'x5' 

^,000 

1,000 

90 

350 

380 

1,275 

3.2' Dx'i.21 21,000 

Tx2,x3.5' 375 

l.rKh**1}.^     10,200 

2.8' Cx/' 

2.0' 0x5' 

3,126 

1,892 

6,500 

1,866 

52,751 

V 

2 ^ 
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TABLE <l -  '1.2 

AFT ENGINE  ROOM WEIGHTS ADDED 

SUPEKCONDUCTIHG  ELECTRK PROPULSION 
-RECONFIGURfD LMG'lNE  ROOM 

: r 

: 

: 

urn 

3'i. 

35. 

36. 

a. 

b. 

c. 

d. 

c. 

37. 

38. 

39. 

ITEM  

Crossover Swi tch 

Transmission Line 

Cruise Turbine Module 

5,000 hp Gas Turbine 

5,000 hp Generator 

Cryosection 

Exci tcr 

Container Structure 

Transmission Line 

Cryoli nc 

Gen.   Polarity  t  Disconnect 
Swi tch 

UM i T UNIT TOTAL 
QTY WT (LBS) SIZE WEIGHT (LBS) 

1 1.300 ? x2.7 X3.81 1,300 

3,03'i 

SUBTOTAL '1.33^ 

8 .xB.x 10' 

5.000 5,000 

3,850 3,850 

933 933 

375 375 

3,500 3,500 

2,627 

150 

1,100 2lx2.5,x3.5'        1.100 

SUB-TOTAL 

TOTAL,  AFT ENGINE   ROOM 

17,535 

7'i,620 

27 
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, 

FWD F.HG 

TAIU 1   'i  -  'l.3 

M)OM VIE IGUTS AÜDF.D 

SUPl:.^CONDUCTIJKi ELECTRIC  PROPULSION 
 -Rccotin (.URF.üTin, i in: 'ROOM ' 

LINE ITEM                m ^.-.__—,—^      -" 

'.0. Coolanol   Pump   (20 h|>)               2 

k\. Corn  -   Coolanol   Pump                  2 

ia. Coolanol   Surge Tank                   1 

hi. Coolanol   Filter                             1 

kh. Coolanol  Heal   Exchanger           1 

k5. L.O.   SVC Pump   (50 hp)                1 

liG Cont  -L.O.   SVC  Pump   (2   spd)   1 

hi. Auto Bus Transfer SW                1 

hü. Power Panel                                    1 

i'S. Uninterrupted  Power   Supply     1 

30. Propulsion  GcneraLorr. 
(70 K hp)         2 

51. Exciters                                            2 

52. Gen.   Polarity  L Discon.   5W    2 

53. Transmission  Lines: 

5h. Generator 

55. Motor 

56. Hel i uni Compressors                     2 

57. CryosecLions                                2 

58. CryolInes 

UN IT UN 11 
WT   (LRS) SjZjl^ 

(See Note 2) 

ii       n H 

n       n n 

II       n II 

2,000 

1,000 

90 

350 

380 

1,275 

10,500 

375 

5,100 

3,250 

933 

1.5'   Dxl2 

o.ß'xa'xs' 

2,xl'xS.S' 

2.7'>;2,x5' 

3.2'  r.x'i.?1 

3.7,x'tlx5.8! 

TOTAL 
WEIGHT   (LBS) 

2.8'   11x5' 

2.0'   0x5' 

SUB-TOTAL 

/|,000 

1,000 

90 

350 

380 

1,275 

21,000 

750 

10,200 

2,'169 

I6,10'i 

6.500 

1,866 

752 

66,736 

20 
D 3/ 
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TABLE 'i - '1.3 

FV/Ü [.NGll.'i: ROOM WEIGHTS ADDED 

SUPF RCONDDCT !''G ELECTI] I C PROPULS I ON 
-RECONHGURCD ENGINE ROOM "" 

. 

■ 

LINE ITEM QTY 
UN IT 

WT (LBS) 
UN'IT 
SIZE 

TOTAL 
WEIGHT (LBS) 

53 Cruise Turbine. Module 8x8x10' 

a. 5,000 hp Gas Turbine 5.000 5,000 

b. 5,000 hp Generator 3,850 3,850 

c. Cryosection 933 933 

d. Exci ter 375 375 

e. ConLniner Structure 3.500 3,500 

60. Transmission Line • •  '1,998 

61. Cryoline 175 

62. Gen. Polarity 6 Disconnect 
Sv/i tch 1 

SUB- 

1,100  2,x2 5'x3.5, 

-TOTAL 

1,100 

19,931 

TOTAL , FWD ENGINE ROOK 86,667 

PROPULSION 

TABLE '1 - k .k 

TOTAL 
WLIGIll 

MOTOR SPACE WEIGHTS AODEO 

LINE ITEM QTY \ 
UNIT      UNIT 

VT (LBS)     SIZE (LBS) 

63. Propulsion Motors 

6'i. Thrust Bearings 

65. Exciters 

66 Cryosections 

2 

? 

2 

k 

136,500 

12,000 

375 

933 

6.5' Dxll.7' 

3.8' n.v'i' 

I'^^.S' 

2' 0x5' 

273,000 

2'i,000 

750 

3,732 

301,'(82 

29 /) 
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